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New High Speed Linear Products 

AMPLIFIERS 


HFA1100,HFAt120 

1 

HFA1130 

ULTRA HIGH BREED 

1 

OUTPUT CLAMPING 


(Page 2-627) (Page 2-659) 


• UNITY GAIN BANDWIDTH.BSOMHz 

• HIGH SLEW RATE. 2300V/^s 

• GAIN FLATNESS TO 100MHz.0.14dB 

• FAST SETTLING TIME (0.1%).11ns 

• DIFFERENTIAL PHASE/GAIN.0.05°/0.03% 

• OFFSET ADJUST (HFA1120) 


HFA1110 

WIDEBAND BUFFER 


(Page 2-637) 


• UNITY GAIN BANDWIDTH. 750MHz 

• HIGH SLEW RATE.ISOOV/^s 

• FAST SETTLING TIME (0.1%).11ns 

• DIFFERENTIAL PHASE/GAIN. 0.02570.04% 

• HIGH OUTPUT CURRENT.60mA 


• STANDARD BUFFER PINOUT 


• UNITY GAIN BANDWIDTH.850MHz 

• HIGH SLEW RATE.2300V/^s 

• GAIN FLATNESS TO 100MHz.0.14dB 

• DIFFERENTIAL PHASE/GAIN. .0.0570.03% 

• OVERDRIVE RECOVERY.<1ns 


HFA1112, HFAtIta 
PROGRAMMABLE GAIN BUFFER 


(HFA1112 Page 2-646, HFA1113 Page 2-651) 


• UNITY GAIN BANDWIDTH.850MHz 

• HIGH SLEW RATE (Av = +2).2050V/^lS 

• DIFFERENTIAL PHASE/GAIN.0.0470.02% 


• USER PROGRAMMABLE FOR CLOSED LOOP GAINS OF 
+2. +1, OR -1 WITHOUT USE OF EXTERNAL RESISTORS 

• STANDARD OPERATIONAL AMPLIFIER PINOUT 

• OUTPUT CLAMP (HFA1113) 


HFA1105, HFA1106,HFA1135,«FA11^ 
LOW POWER, WIDEBAND 


(Page 2-636) 


• UNITY GAIN BANDWIDTH. 

. 350MHz 

• HIGH SLEW RATE. 

.... 1500V/PS 

• DIFFERENTIAL PHASE/GAIN. 

. 0.03®/0.03% 

• LOW SUPPLY CURRENT. 

.6mA 

• OUTPUT ENABLE/DISABLE (HFA1145) 


• OUTPUT CLAMP (HFA1135) 


fiASm,HAS02Z 


DUAL 100MHZ VIDEO 



(HA5022/24 Page 2-468, HA5023/25 Page 2-469) 


• UNITY GAIN BANDWIDTH.100MHz 

• DIFFERENTIAL PHASE/GAIN.0.0370.02% 

• HIGH SLEW RATE.BOOV/^is 

• WIDE SUPPLY RANGE.±5V to ±15V 

• LOW SUPPLY CURRENT.7.5mA/Amp 


• OUTPUT ENABLE/DISABLE (HA5022) 


NA-5020 

lOOMHzCURRENT FEEDBACK VIDEO 


(Page 2-457) 


• UNITY GAIN BANDWIDTH.lOOMHz 

• DIFFERENTIAL GAIN.<0.02% 

• DIFFERENTIAL PHASE.<0.03° 

• SLEW RATE.800V/ps 

• GAIN FLATNESS (5MHz)..0.1 dB 


HA5024, HA5025 
QUAD IQOMHat VIDEO 


(HA5022V24 Page 2-466, HA5023/25 Page 2-469) 


• UNITY GAIN BANDWIDTH.100MHz 

• DIFFERENTIAL PHASE/GAIN. .0.0370.02% 

• HIGH SLEW RATE.800V/ps 

• WIDE SUPPLY RANGE.±5V to ±15V 

• LOW SUPPLY CURRENT.7.5mA/Amp 


• OUTPUT ENABLE/DISABLE (HA5024) 





















































New High Speed Linear Products (Continued) 

AMPLIFIERS 


I 


HA-2841 

UNITY GAIN STABLE WIDEBAND VIDEO 


li 


HA2842 

WIDEBAND HIGH OUTPUT CURRENT VIDEO 




(Page 2-408) (Page 2-417) 

• HIGH SLEW RATE.. 240V/^S • HIGH SLEW RATE. 400V/^s 

• UNITY GAIN BANDWIDTH.50MHz • GAIN BANDWIDTH PRODUCT.80MHz 

• LOW OFFSET VOLTAGE.1 mV • HIGH OUTPUT CURRENT....±100mA 

• DIFFERENTIAL GAIN/PHASE.0.03®/0.03% • DIFFERENTIAL GAIN/PHASE.0.03®/0.02% 

• LOW SUPPLY CURRENT.10mA • LOW OFFSET VOLTAGE.1 mV 


i 


HA-2831^ HA284a 

VERY HIGH SLEW RATE WIDEBAND 


I 


(HA-2839 Page 2-392, HA-2840 Page 2-400) 


HA-285Q 

LOW POWER HIGH SLEW RATE WIDEBAND 


(Page 2-426) 


I 


• HIGH SLEW RATE.. 625V/|is • LOW SUPPLY CURRENT ......8.0mA (max) 

• WIDE GAIN BANDWIDTH. 600MHz • HIGH SLEW RATE. 340V/^s 

• DIFFERENTIAL PHASE/GAIN.. 0.03°/0.03% • WIDE GAIN BANDWIDTH.470MHz 

• LOW OFFSET VOLTAGE.0.6mV • DIFFERENTIAL GAIN/PHASE. .0.04°/0.04% 

• FULL POWER BANDWIDTH.. 10MHz • LOW OFFSET VOLTAGE.0.6mV 


HA5232^HAS234 
PRECISION DUM/OUAD 

(Page 2-593) 

• LOW OFFSET VOLTAGE.200^lV (max) 

• LOW OFFSET DRIFT. 2\i\fl^C 

• LOW SUPPLY CURRENT. .<0.7mA/Amp 

• PIN TO PIN COiy^ATIBLE TO OP200, OP400 

• DUAL (HA5232). QUAD (HA5234) 


I 


MULTI-CHANNEL AMPLIFIERS 


CA3258 

VIDEO SWITCH AND AMPUFIER 


I 


HA-2444 

SELECTABLE 4 CHANNEL VIDEO OP AMP 


I 


(Page 7-54) 

(Page 2-287) 


• 5 MULTIPLEX VIDEO CHANNELS 

• UNITY GAIN BANDWIDTH. 

..45MHz 

- 1 Independent Channel 

• DIFFERENTIAL GAIN. 

.. 0.03% 

- 4 Channels With Enable 

« . • DIFFERENTIAL PHASE. . 

.0.03® 

• UNITY GAIN BANDWIDTH. 

.. 25MHz 

• PROGRAMMABLE VIDEO AMPUFIER GAIN 

• GAIN FLATNESS TO 10MHz. 

.O.ldB 

• CROSSTALK REJECTION. 

.60dB 

• HIGH SIGNAL DRIVE CAPABILITY 

• FAST CHANNEL SELECTION.... 

.60ns 


ii 














































New High Speed Linear Products (Continued) 


ANALOG MULTIPLIERS 


SAMPLE AND HOLD AMPLIFIERS 


I 



■ 

MAS361, HA5$52 

FOUR QUADRANT, WIDEBAND 

1 

HICSH SPEED SAMPLE AND HOU) 


I 


(HA2556 Page 7-97, HA2557 Page 7-101) 

• LOW MULTIPICATION ERROR.1.5% 

• LOW INPUT BIAS CURRENT.S^A 

• WIDE BANDWIDTH (HA2556). 30MHz 

(HA2557).lOOMHz 

• VOLTAGE OUTPUT (HA2556) 

• CURRENT OUTPUT (HA2557) 

CRYSTAL OSCILLATOR 


(HA5350/51 Page 4-31, HA5352 Page 4-36) 

ACQUISITION TIME.50ns 

(2.5V STEP TO 1 mV) 

DROOP RATE.1mV/|is (typ) 

UNITY GAIN BANDWIDTH.20MHz (min) 

DUAL VERSION (HA5352) 

SINGLE VERSION (HA5350) 

COMPARATORS 


I 



■ 

HFA-OD03,HFA0003L 

LOW POWER OSCILLATOR 

1 

ULTRA HIGH SPEED COMPARATOR 


I 


(Page 7-104) 

PROGRAMMABLE 10kHz to 10MHz OPERATION 

LOW SUPPLY CURRENT.5pA at 32kHz 

130pAat1MHz 

2.0VDC TO 7.0VDC OPERATION 
DRIVES 2 CMOS LOADS 


(Page 3-33) 

LOW PROPAGATION DELAY.2.0/2.1ns 

LOW OFFSET VOLTAGE.1 mV 

WIDE COMMON MODE RANGE.+5.2/-2.8V 

USER PROGRAMMABLE HYSTERESIS 

WIDE TRACKING BANDWIDTH.270MHz 


I 


TRANSISTOR ARRAYS 


HFA3XXX SERIES 
TRANSISTOR ARRAYS 


(Page 6-70) 

NPN TRANSISTOR (Ft).8GHz 

PNP TRANSISTOR (Ft).5.5GHz 

HFA3127.(5) NPNs 

HFA3128.(5) PNPs 

HFA3046 .(3) NPNs and Diff Pair 

HFAX96.(3) NPNs, (2) PNPs 


HFA5260 

HIGH SPEED PIN DRIVER 


(Page 7-106) 

HIGH DIGITAL DATA RATE. 500MHz 

FAST SLEW RATE. 2500V/ps 

FAST RISE/FALL TIMES.600ps 

RISE/FALL TIME MATCHING.200ps 

WIDE OUTPUT RANGE.+7V to -2V 


I 


TELECOM sues 


HC-5S02B» HC-S504B 

PBX SUBSCRIBER UNE INTERFACE aRCUffS 


(HC-5502B Page 8-81, HC-5504B Page 8-90) 
MEETS WORLDWIDE PBX REQUIREMENTS 
+5V AND +12V OPERATION 

HO5509B 

CENTRAL OFRCE sue 
(Page 8-116) 

PROGRAMMABLE LOOP CURRENT 
THERMAL SHUTDOWN FEATURE 
TRANSMIT SIGNALS WHILE ON-HOOK 


HC-5524 

PBX AND DLC sue 
(Page 8-126) 

PROGRAMMABLE LOOP CURRENT 
-24V BATTERY 

THERMAL SHUTDOWN FEATURE 


I 


iii 
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LINEAR AND TELECOM PRODUCTS 


Harris Semiconductor is a pioneer in deveioping and producing advanced Linear and 
Teiecom products for the most demanding Commerciai, Industriai and Automotive 
appiications in this worid » and beyond. 

This databook fully describes Harris Semiconductor’s line of Linear and Telecom 
IC’s. It includes a complete set of datasheets for product specifications, appiication 
notes with design details for specific appiications of Harris products, and a descrip¬ 
tion of the Harris Quality and Reliability program. A New AnswerFAX section has 
been added to allow Users to request the latest datasheets and have them delivered 
immediateiy to your FAX machine. A detailed listing of SPICE Models and product 
Packaging provides a wide variety of information at your fingertips. 

Harris offers an extensive line of Linear components including; High Speed and 
General Purpose Op Amps, Comparators, Sample and Hold Amplifiers, Transistor 
Arrays and Special Analog Circuits found in Sections 2 through 7. 

Harris Telecommunications components include SLIC - Subscriber Line Interface 
Circuits, Crosspoint Switches, CVSD’s, DTMF Receivers and Tone Generators, PCM 
CODEC’s and Transcoders and is found in Section 8. 

It Is our intention to provide you with the most up-to-date information on Linear and 
Telecom Products. For complete, current and detailed technical specifications on any 
Harris devices please contact the nearest Harris sales, representative or distributor 
office, listed at the end of the databook; or direct literature requests to: 

Harris Semiconductor Literature Department 
P.O. Box 883, MS CB1-28 
Melbourne, FL 32901 
1-800-442-7747 
FAX 407-724-3937 


See Section 12 for Data Sheets Available on AnswerFAX 


Harris Semiconductor products are soid by description only. All specifications in this product 
guide are applicable only to packaged products; specifications for die are available upon 
request Harris reserves the right to make changes in circuit design, specifications and other 
information at any time without prior notice. Accordingly, the reader is cautioned to verify that 
information in this publication is current before placing orders. Reference to products of other 
manufacturers are solely for convenience of comparison and do not imply total equivalency of 
design, performance, or otherwise. 
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LINEAR INTEGRATED CIRCUITS 


FOR COMMERCIAL AND INDUSTRIAL APPLICATIONS 


General Information 

* Operational Amplifiers 

* Comparators 

* Sample and Hold Amplifiers 

* Differential Amplifiers 

* Transistor and Diode Arrays 

Special Analog Circuits 
Telecommunications 
Harris Quality and Reliability 
Spice Model Listing/Application Note Abstracts 

Packaging Information 
Datasheets By FAX, Harris AnswerFAX 


1 

■ 

2 

■ 

3 


5 

■ 

6 


8 

9 

10 

■ 

11 

■ 

12 


* Product Selection Guide located at the beginning of section. 


Sales Offices 
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TECHNICAL ASSISTANCE 

For technical assistance on the Harris products listed in this databook, 
please contact the Field Applications Engineering staff available at one of the follow¬ 
ing Harris Sales Offices: 

UNITED STATES 

CALIFORNIA Costa Mesa..714-433-0600 

San Jose.408-985-7322 

Woodland Hills.818-992-0686 

FLORIDA Melbourne.407-724-3576 

GEORGIA Duluth... 404-476-2035 

ILLINOIS Schaumburg.708-240-3480 

MASSACHUSETTS Burlington.617-221-1850 

NEW JERSEY Mt. Uurel.609-727-1909 

NEW YORK Great Neck.516-829-9441 

TEXAS Dallas.214-733-0800 

INTERNATIONAL 

FRANCE Paris. 33-1-346-54046 

GERMANY Munich. 49-8-963-8130 

HONGKONG Kowloon.852-723-6339 

ITALY Milano. 39-2-262-22141 

JAPAN Tokyo. 81-33-345-8911 

KOREA Seoul. 82-2-551-0931 

UNITED KINGDOM Camberley. 44-2-766-86886 


For literature requests, please contact Harris at 407-724-3739. 
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GENERAL INFORMATION 



ALPHA NUMERIC PRODUCT INDEX 

PAGE 


CA124 Quad Operational Amplifiers for Commercial, Industrial, and Military Applications. 2-19 

CA139 Quad Voltage Comparators for Industrial, Commercial and Military Applications. 3-3 

CA158 Dual Operational Amplifiers for Commercial Industrial, and Military Applications. 2-26 

CA224 Quad Operational Amplifiers for Commercial, Industrial, and Military Applications. 2-19 

CA324 Quad Operational Amplifiers for Commercial, Industrial, and Military Applications. 2-19 

CA239 Quad Voltage Comparators for Industrial, Commercial and Military Applications. 3-3 

CA339 Quad Voltage Comparators for Industrial, Commercial and Military Applications. 3-3 

CA258 Dual Operational Amplifiers for Commercial Industrial, and Military Applications. 2-26 

CA358 Dual Operational Amplifiers for Commercial Industrial, and Military Applications. 2-26 

CA555 Timers for Timing Delays and Oscillator Applications in Commercial, Industrial and 

Military Equipment. 7-3 

CA741 High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 

Applications. 2-37 

CA1391 TV Horizontal Processors. 7-9 

CA1394 TV Horizontal Processors. 7-9 

CA1458 High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 

Applications. 2-37 

CA1558 High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 

Applications. 2-37 

CA2904 Dual Operational Amplifiers for Commercial Industrial, and Military Applications. 2-26 

CA3018 General Purpose Transistor Arrays. 6-5 

CA3020 Multipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at 

Frequency Up to 8MHz. 2-43 

CA3028 Differential/Cascode Amplifiers for Commercial and Industrial Equipment from DC to 

120MHz. 5-3 

CA3039 Diode Array. 6-11 

CA3045 General Purpose N-P-N Transistor Arrays. 6-15 


NOTE: Bold Type Designates a New Product from Harris. 
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ALPHA NUMERIC PRODUCT INDEX (Continued) 


PAGE 


CA3046 General Purpose N-P-N Transistor Arrays........... 6-15 

CA3049 Dual High Frequency Differential Amplifiers For Low Power Applications Up to 

500MHz.. 5-15 

CA3053 Differential/Cascode Amplifiers for Commercial and Industrial Equipment from DC to 

120MHz............... 5-3 

CA3054 Transistor Array - Dual Independent Differential Amp for Low Power Applications from DC 

to 120MHz. 5-24 

CA3060 Operational Transconductance Amplifier Arrays. 2-52 

CA3078 Micropower Operational Amplifier... 2-64 

CA3080 Operational Transconductance Amplifier (OTA). 2-73 

CA3081 General Purpose High Current N-P-N Transistor Arrays. 6-21 

CA3082 General Purpose High Current N-P-N Transistor Arrays. 6-21 

CA3083 General Purpose High Current N-P-N Transistor Array. 6-24 

CA3086 General Purpose N-P-N Transistor Array. 6-28 

CA3089 FM IF System.. 7-13 

CA3094 Programmable Power Switch/Amplifier for Control and General Purpose Applications. 2-86 

CA3096 N-P-N/P-N-P Transistor Array. 6-33 

CA3098 Programmable Schmitt Trigger - with Memory Dual Input Precision Level Detectors. 3-7 

CA3100 Wideband Operational Amplifier... 2-101 

CA3102 Dual High Frequency Differential Amplifiers For Low Power Applications Up to 

500MHz....... 5-15 

CA3126 TV Chroma Processor. 7-20 

CA3127 High Frequency N-P-N Transistor Array. 6-46 

CA3130 BIMOS Operational Amplifier with MOSFET Input/CMOS Output. 2-108 

CA3140 BiMOS Operational Amplifier with MOSFET Input/Bipolar Output. 2-123 

CA3141 High-Voltage Diode Array For Commercial, Industrial & Military Applications. 6-52 

CA3146 High-Voltage Transistor Arrays. 6-55 

CA3160 BIMOS Operational Amplifiers with MOSFET Input/CMOS Output. 2-143 

CA3183 High-Voltage Transistor Arrays. 6-55 

CA3189 FM IF System... 7-29 

CA3193 BiCMOS Precision Operational Amplifiers. 2-160 

CA3194 Single Chip PAL Luminance/Chroma Processor. 7-36 

CA3217 Single Chip TV Chroma/Luminance Processor. 7-45 

CA3227 High-Frequency N-P-N Transistor Arrays For Low-Power Applications at 

Frequencies Up to 1.5GHz. 6-65 

CA3256 BIMOS Analog Video Switch and Amplifier... 7-54 


NOTE: Bold Type Designates a New Product from Harris. 
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ALPHA NUMERIC PRODUCT INDEX (Continued) 


PAGE 

CA3240 Dual BiMOS Operational Amplifier with MOSFET Input/Bipolar Output. 2-171 

CA3246 High-Frequency N-P-N Transistor Arrays For Low-Power Applications at Frequencies 6-65 

Up to 1.5GHz. 

CA3260 BiMOS Operational Amplifier with MOSFET Input/CMOS Output. 2-187 

CA3280 Dual Variable Operational Amplifier. 2-191 

CA3290 BiMOS Dual Voltage Comparator with MOSFET Input, Bipolar Output. 3-17 

CA3420 Low Supply Voltage, Low Input Current BiMOS Operational Amplifiers. 2-202 

CA3440 Nanopower BiMOS Operational Amplifier. 2-207 

CA3450 Video Line Driver, High Speed Operational Amplifier. 2-213 

CA5130 BiMOS Microprocessor Operational Amplifier with MOSFET Input/CMOS Output. 2-221 

CA5160 BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output. 2-238 

CA5260 BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output. 2-258 

CA5420 Low Supply Voltage, Low Input Current BiMOS Operational Amplifier. 2-263 

CA5470 Quad Microprocessor BiMOS-E Operational Amplifiers with MOSFET Input/Bipolar Output . 2-270 

CD22100 CMOS 4 X 4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating). 8-3 

CD22101 CMOS 4x4x2 Crosspoint Switch with Control Memory. 8-12 

CD22102 CMOS 4x4x2 Crosspoint Switch with Control Memory. 8-12 

CD22103A CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448 Mb/s Transmission 

Applications. 8-24 

CD22202 5V Low Power DTMF Receiver. 8-30 

CD22203 5V Low Power DTMF Receiver. 8-30 

CD22204 5V Low Power Subscriber DTMF Receiver. 8-36 

CD22301 Monolithic Pan Repeater. 8-41 

CD22354A CMOS Single-Chip, Full-Feature PCM CODEC. 8-46 

CD22357A CMOS Single-Chip, Full-Feature PCM CODEC. 8-46 

CD22M3493 12x8x1 BIMOS-E Crosspoint Switch. 8-56 

CD22M3494 16x8x1 BIMOS-E Crosspoint Switch. 8-61 

CD22402 Sync Generator for TV Applications and Video Processing Systems. 7-66 

CD22859 Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator. 8-67 

CD74HC22106 QMOS 8x8x1 Crosspoint Switch with Memory Control. 8-72 

CD74HCT22106 QMOS 8x8x1 Crosspoint Switch with Memory Control. 8-72 

HA-2400 PRAM Four Channel Programmable Amplifiers. 2-275 

HA-2404 PRAM Four Channel Programmable Amplifiers. 2-275 

HA-2405 PRAM Four Channel Programmable Amplifiers. 2-275 

NOTE: Bold Type Designates a New Product from Harris. 
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PAGE 

HA-2406 Digitally Selectable Four Channel Operational Amplifier.. 2-281 

HA-2420 Fast Sample and Hold Amplifier. 4-3 

HA-2425 Fast Sample and Hold Amplifier.:. 4-3 

HA-2444 Selectable, Four Channel Video Operational Amplifier. 2-287 

HA-2500 Precision High Slew Rate Operational Amplifiers. 2-290 

HA-2502 Precision High Slew Rate Operational Amplifiers. 2-290 

HA-2505 Precision High Slew Rate Operational Amplifiers. 2-290 

HA-2510 High Slew Rate Operational Amplifiers. 2-296 

HA-2512 High Slew Rate Operational Amplifiers. 2-296 

HA-2515 High Slew Rate Operational Amplifiers. 2-296 

HA-2520 Uncompensated High Slew Rate Operational Amplifiers. 2-301 

HA-2522 Uncompensated High Slew Rate Operational Amplifiers. 2-301 

HA-2525 Uncompensated High Slew Rate Operational Amplifiers. 2-301 

HA-2529 Uncompensated, High Slew Rate High Output Current, Operational Amplifier. 2-308 

HA-2539 Very High Slew Rate Wideband Operational Amplifier. 2-315 

HA-2540 Wideband, Fast Settling Operational Amplifier. 2-322 

HA-2541 Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier. 2-330 

HA-2542 Wideband, High Slew Rate, High Output Current Operational Amplifier. 2-338 

HA-2544 Video Operational Amplifier. 2-348 

HA-2546 Wideband Two Quadrant Analog Multiplier. 7-76 

HA-2547 Wideband Two Quadrant Analog Multiplier. 7-89 

HA-2548 Precision, High Slew Rate, Wideband Operational Amplifier. 2-358 

HA-2556 Wideband Four Quadrant Voltage Output Analog Multiplier. 7-97 

HA-2557 Wideband Four Quadrant Current Output Analog Multiplier. 7-101 

HA-2600 Wideband, High Impedance Operational Amplifiers.. 2-368 

HA-2602 Wideband, High Impedance Operational Amplifiers. 2-368 

HA-2605 Wideband, High Impedance Operational Amplifiers.. 2-368 

HA-2620 Very Wideband, Uncompensated Operational Amplifiers. 2-376 

HA-2622 Very Wideband, Uncompensated Operational Amplifiers. 2-376 

HA-2625 Very Wideband, Uncompensated Operational Amplifiers. 2-376 

HA-2640 High Voltage Operational Amplifiers. 2-383 

HA-2645 High Voltage Operational Amplifiers.. 2-383 

HA-2705 Low Power, High Performance Operational Amplifier. 2-389 

HA-2839 Very High Slew Rate Wideband Operational Amplifier. 2-392 

NOTE: Bold Type Designates a New Product from Harris. 
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ALPHA NUMERIC PRODUCT INDEX (Continued) 


PAGE 

HA>2840 Very High Slew Rate Wideband Operational Amplifier. 2-400 

HA-2841 Wideband, Fast Settling, Unity Gain Stabie, Video Operational Amplifier. 2-408 

HA-2842 Wideband, High Slew Rate, High Output Current, Video Operational Amplifier. 2-417 

HA-2850 Low Power, High Slew Rate Wideband Operational Amplifier. 2-426 

HA-4741 Quad Operational Amplifier. 2-434 

HA-4900 Precision Quad Comparator. 3-25 

HA-4902 Precision Quad Comparator. 3-25 

HA-4905 Precision Quad Comparator. 3-25 

HA-5002 Monolithic, Wideband, High Slew Rate, High Output Current Buffer. 2-440 

HA-5004 100MHz Current Feedback Amplifier. 2-448 

HA-5020 10OMHz Current Feedback Video Amplifier. 2-457 

HA5022 Dual, Quad 10OMHz Video Current Feedback Amplifier with Disable. 2-468 

HA5023 Dual, Quad 100MHz Video Current Feedback Amplifier. 2-469 

HA5024 Dual, Quad 100MHz Video Current Feedback Amplifier with Disable. 2-468 

HA5025 Dual, Quad 10OMHz Video Current Feedback Amplifier. 2-469 

HA-5033 Video Buffer. 2-470 

HA-5101 Low Noise, High Performance Operational Amplifiers. 2-480 

HA-5102 Low Noise, High Performance Operational Amplifiers. 2-490 

HA-5104 Low Noise, High Performance Operational Amplifiers. 2-490 

HA-5111 Low Noise, High Performance Operational Amplifiers. 2-480 

HA-5112 Low Noise, High Performance Operational Amplifiers. 2-490 

HA-5114 Low Noise, High Performance Operational Amplifiers. 2-490 

HA-5127 Ultra-Low Noise Precision Operational Amplifier. 2-500 

HA-5130 Precision Operational Amplifiers. 2-509 

HA-5134 Precision Quad Operational Amplifier. 2-517 

HA-5135 Precision Operational Amplifiers. 2-509 

HA-5137 Ultra-Low Noise Precision Wideband Operational Amplifier. 2-525 

HA-5142 Dual/Quad Ultra-Low Power Operational Amplifiers. 2-533 

HA-5144 Dual/Quad Ultra-Low Power Operational Amplifiers. 2-533 

HA-5147 Ultra-Low Noise Precision High Slew Rate Wideband Operational Amplifier. 2-540 

HA-5160 Wideband, JFET Input High Slew Rate, Uncompensated, Operational Amplifiers. 2-548 

HA-5162 Wideband, JFET Input High Slew Rate, Uncompensated, Operational Amplifiers. 2-548 

HA-5170 Precision JFET Input Operational Amplifier. 2-556 

HA-5177 Ultra-Low Offset Voltage Operational Amplifier. 2-564 

NOTE: Bold Type Designates a New Product from Harris. 
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HA-5190 Wideband, Fast Settling Operational Amplifiers. 2-574 

HA-5195 Wideband, Fast Settling Operational Amplifiers. 2-574 

HA-5221 Low Noise, Wideband Precision Operational Amplifiers. 2-582 

HA-5222 Low Noise, Wideband Precision Operational Amplifiers. 2-582 

HA5232 Precision Dual and Quad Operational Amplifiers.. 2-593 

HA5234 Precision Dual and Quad Operational Amplifiers. 2-593 

HA-5320 High Speed Precision Monolithic Sample and Hold Amplifier... 4-12 

HA-5330 Very High Speed Precision Monolithic Sample and Hold Amplifier. 4-19 

HA-5340 High Speed, Low Distortion, Precision Monolithic Sample and Hold Amplifier. 4-23 

HA5350 Ultra Fast (50ns) Sample and Hold Amplifier. 4-31 

HA5351 Ultra Fast (50ns) Sample and Hold Amplifier. 4-31 

HA5352 Ultra Fast (50ns) Dual Sample and Hold Amplifier. 4-36 

HA7210 Low Power Crystal Oscillator. 7-104 

HC-5502B SLIC Subscriber Line Interface Circuit. 8-81 

HC-5504B SLIC Subscriber Line Interface Circuit. 8-90 

HC-5504DLC SLIC Subscriber Line Interface Circuit. 8-98 

HC-5509A1 SLIC Subscriber Line interface Circuit. 8-106 

HC-5509B SLIC Subscriber Line Interface Circuit. 8-116 

HC-5524 SLIC Subscriber Line Interface Circuit. 8-126 

HC-5560 PCM Transcoder. 8-135 

HC-55536 Continuous Variable Slope Delta-Demodulator (CVSD). 8-144 

HC-55564 Continuously Variable Slope Delta-Modulator (CVSD). 8-147 

HFA-0001 Ultra High Slew Rate Operational Amplifier. 2-598 

HFA-0002 Low Noise Wideband Operational Amplifier. 2-608 

HFA-0003 Ultra High Speed Comparator. . 3-33 

HFA-OO03L Ultra High Speed Comparator. 3-33 

HFA-0005 High Slew Rate Operational Amplifier. 2-617 

HFA1100 Ultra High-Speed Current Feedback Amplifiers. 2-627 

HFA1105 High-Speed, Low Power, Current Feedback Operational Amplifiers. 2-636 

HFA1106 High-Speed, Low Power, Current Feedback Operational Amplifiers. 2-636 

HFA1110 750MHz Low Distortion Unity Gain, Closed Loop Buffer.. 2-637 

HFA1112 Ultra High-Speed Closed Loop Buffer Amplifier. 2-646 

HFA1113 High-Speed, Output Ciamping Closed Loop Buffer. 2-651 

HFA1120 Ultra High-Speed Current Feedback Amplifiers. 2-627 


NOTE: Bold Type Designates a New Product from Harris. 
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HFA1130 Output Clamping, Ultra High-Speed Current Feedback Amplifier. 2-659 

HFA1135 High-Speed, Low Power, Current Feedback Operational Amplifiers. 2-636 

HFA1145 High-Speed, Low Power, Current Feedback Operational Amplifiers. 2-636 

HFA3046 Ultra High Frequency Transistor Array. 6-70 

HFA3096 Ultra High Frequency Transistor Array. 6-70 

HFA3127 Ultra High Frequency Transistor Array. 6-70 

HFA3128 Ultra High Frequency Transistor Array. 6-70 

HFA5250 Ultra High-Speed Monolithic Pin Driver. 7-108 

ICL7611 ICL76XX Series Low Power CMOS Operational Amplifiers. 2-670 

ICL7612 ICL76XX Series Low Power CMOS Operational Amplifiers. 2-670 

ICL7621 ICL76XX Series Low Power CMOS Operational Amplifiers. 2-682 

ICL7641 ICL76XX Series Low Power CMOS Operational Amplifiers. 2-682 

ICL7642 ICL76XX Series Low Power CMOS Operational Amplifiers. 2-682 

ICL7650S Super Chopper-Stabilized Operational Amplifier. 2-694 

ICL8013 Four Quadrant Analog Multiplier. 7-112 

ICL8038 Precision Waveform GeneratorA/oltage Controlled Oscillator. 7-120 

ICL8048 Log/Antilog Amplifiers. 7-130 

ICL8049 Log/Antilog Amplifiers. 7-130 

ICM7242 Long Range Fixed Timer. 7-140 

ICM7555 General Purpose Timers. 7-146 

ICM7556 General Purpose Timers. 7-146 

LM324* Quad Operational Amplifiers for Commercial, Industrial, and Military Applications. 2-19 

LM339 Quad Voltage Comparators for Industrial, Commercial and Military Applications. 3-3 

LM358* Dual Operational Amplifiers for Commercial Industrial, and Military Applications. 2-26 

LM555 Timers for Timing Delays and Oscillator Applications In Commercial, Industrial and 

Military Equipment. 7-3 

LM741 * High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 

Applications. 2-37 

LM1458* High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 

Applications. 2-37 

LM1558* High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 

Applications... 2-37 

LM2902* Quad Operational Amplifiers for Commercial, Industrial, and Military Applications. 2-19 

LM2904* Dual Operational Amplifiers for Commercial Industrial, and Military Applications. 2-26 



NOTE: Bold Type Designates a New Product from Harris. 
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COMPARATORS DATA SHEETS 

CA139, CA239, Quad Voltage Comparators for Industrial, Commercial and Military Applications. 3-3 

CA339, 

LM339 

CA3098 Programmable Schmitt Trigger - with Memory Dual Input Precision Level Detectors. 3-7 

CA3290 BiMOS Dual Voltage Comparator with MOSFET Input, Bipolar Output. 3-17 

HA-4900, Precision Quad Comparator. 3-25 

HA-4902, 

HA-4905 

HFA-0003, Ultra High Speed Comparator . 3-33 

HFA-0003L 

DIFFERENTIAL AMPLIFIERS DATA SHEETS 

CA3028, CA3053 DIfferential/Cascode Amplifiers for Commercial and Industrial Equipment from DC to 

120MHz. 5-3 

CA3049, CA3102 Dual High Frequency Differential Amplifiers For Low Power Applications Up 

500MHz... 5-15 

CA3054 Transistor Array - Dual Independent Differential Amp for Low Power Applications from 

DC to 120MHz.. 5-24 

OPERATIONAL AMPLIFIERS DATA SHEETS 

CA124, CA224, Quad Operational Amplifiers for Commercial, Industrial, and Military Applications. 2-19 

CA324, LM324*, 

LM2902* 

CA158, CA258, Dual Operational Amplifiers for Commercial Industrial, and Military Applications. 2-26 

CA358, CA2904, 

LM358*, LM2904* 

CA741, CA1458, High Gain Single and Dual Operational Amplifiers for Military. Industrial and Commercial 

CA1558, LM741 *, Applications... 2-37 

LM1458*, LM1558* 

CA3020 Multipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at 2-43 

Frequency Up to 8MHz. 

CA3060 Operational Transconductance Amplifier Arrays. 2-52 

CA3078 Micropower Operational Amplifier. 2-64 

CA3080 Operational Transconductance Amplifier (OTA)... 2-73 

CA3094 Programmable Power Switch/Amplifier for Control and General Purpose Applications ... 2-86 

CA3100 Wideband Operational Amplifier. 2-101 

CA3130 BiMOS Operational Amplifier with MOSFET Input/CMOS Output. 2-108 

CA3140 BiMOS Operational Amplifier with MOSFET Input/Bipolar Output. 2-123 

NOTE: Bold Type Designates a New Product from Harris. 
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OPERATIONAL AMPLIFIERS DATA SHEETS (Continued) 

CA3160 BiMOS Operational Amplifiers with MOSFET Input/CMOS Output. 2-143 

CA3193 BiCMOS Precision Operational Amplifiers. 2-160 

CA3240 Dual BiMOS Operational Amplifier with MOSFET Input/Bipolar Output. 2-171 

CA3260 BIMOS Operational Amplifier with MOSFET Input/CMOS Output. 2-187 

CA3280 Dual Variable Operational Amplifier. 2-191 

CA3420 Low Supply Voltage, Low Input Current BIMOS Operational Amplifiers. 2-202 

CA3440 Nanopower BiMOS Operational Amplifier. 2-207 

CA3450 Video Line Driver, High Speed Operational Amplifier. 2-213 

CA5130 BIMOS Microprocessor Operational Amplifier with MOSFET Input/CMOS Output. 2-221 

CA5160 BIMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output. 2-238 

CA5260 BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output. 2-258 

CA5420 Low Supply Voltage, Low Input Current BiMOS Operational Amplifier. 2-263 

CA5470 Quad Microprocessor BIMOS-E Operational Amplifiers with MOSFET Input/Bipolar 

Output. 2-270 

HA-2400, HA-2404, PRAM Four Channel Programmable Amplifiers. 2-275 

HA-2405 

HA-2406 Digitally Selectable Four Channel Operational Amplifier. 2-281 

HA-2444 Selectable, Four Channel Video Operational Amplifier. 2-287 

HA-2500, HA-2502, Precision High Slew Rate Operational Amplifiers. 2-290 

HA-2505 

HA-2510, HA-2512, High Slew Rate Operational Amplifiers. 2-296 

HA-2515 

HA-2520, HA-2522, Uncompensated High Slew Rate Operational Amplifiers. 2-301 

HA-2525 

HA-2529 Uncompensated, High Slew Rate High Output Current, Operational Amplifier. 2-308 

HA-2539 Very High Slew Rate Wideband Operational Amplifier. 2-315 

HA-2540 Wideband, Fast Settling Operational Amplifier. 2-322 

HA-2541 Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier. 2-330 

HA-2542 Wideband, High Slew Rate, High Output Current Operational Amplifier. 2-338 

HA-2544 Video Operational Amplifier. 2-348 

HA-2548 Precision, High Slew Rate, Wideband Operational Amplifier. 2-358 

HA-2600, HA-2602, Wideband, High Impedance Operational Amplifiers. 2-368 

HA-2605 


NOTE: Bold Type Designates a New Product from Harris. 
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OPERATIONAL AMPLIFIERS DATA SHEETS (Continued) 

HA-2620, HA-2622, Very Wideband, Uncompensated Operational Amplifiers. 2-376 

HA-2625 

HA-2640, HA-2645 High Voltage Operational Amplifiers. 2-383 

HA-2705 Low Power, High Performance Operational Amplifier. 2-389 

HA-2839 Very High Slew Rate Wideband Operational Amplifier. 2-392 

HA-2840 Very High Slew Rate Wideband Operational Amplifier. 2-400 

HA-2841 Wideband, Fast Settling, Unity Gain Stable, Video Operational Amplifier. 2-408 

HA-2842 Wideband, High Slew Rate, High Output Current, Video Operational Amplifier. 2-417 

HA-2850 Low Power, High Slew Rate Wideband Operational Amplifier. 2-426 

HA-4741 Quad Operational Amplifier. 2-434 

HA-5002 Monolithic, Wideband, High Slew Rate, High Output Current Buffer. 2-440 

HA-5004 100MHz Current Feedback Amplifier. 2-448 

HA-5020 10OMHz Current Feedback Video Amplifier. 2-457 

HA5022, HA5024 Dual, Quad 10OMHz Video Current Feedback Amplifier with Disable. 2-468 

HA5023, HA5025 Dual, Quad 10OMHz Video Current Feedback Amplifier. 2-469 

HA-5033 Video Buffer. 2-470 

HA-5101, HA-5111 Low Noise, High Performance Operational Amplifiers. 2-480 

HA-5102, HA-5104, Low Noise, High Performance Operational Amplifiers. 2-490 

HA-5112. HA-5114 

HA-5127 Ultra-Low Noise Precision Operational Amplifier. 2-500 

HA-5130, HA-5135 Precision Operational Amplifiers. 2-509 

HA-5134 Precision Quad Operational Amplifier. 2-517 

HA-5137 Ultra-Low Noise Precision Wideband Operational Amplifier. 2-525 

HA-5142, HA-5144 Dual/Quad Ultra-Low Power Operational Amplifiers. 2-533 

HA-5147 Ultra-Low Noise Precision High Slew Rate Wideband Operational Amplifier. 2-540 

HA-5160, HA-5162 Wideband, JFET Input High Slew Rate, Uncompensated, Operational Amplifiers. 2-548 

HA-5170 Precision JFET Input Operational Amplifier. 2-556 

HA-5177 Ultra-Low Offset Voltage Operational Amplifier. 2-564 

HA-5190, HA-5195 Wideband, Fast Settling Operational Amplifiers. 2-574 

HA-5221, HA-5222 Low Noise, Wideband Precision Operational Amplifiers. 2-582 

HA5232, HA5234 Precision Dual and Quad Operational Amplifiers.. 2-593 

HFA-0001 Ultra High Slew Rate Operational Amplifier. 2-598 

NOTE: Bold Type Designates a New Product from Harris. 
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OPERATIONAL AMPLIFIERS DATA SHEETS (Continued) 

HFA-0002 Low Noise Wideband Operational Amplifier. 2-608 

HFA-0005 High Slew Rate Operational Amplifier. 2-617 

HFA1100, HFA1120 Ultra High-Speed Current Feedback Amplifiers. 2-627 

HFA1105, HFA1106, High-Speed, Low Power, Current Feedback Operational Amplifiers. 2-636 

HFA1135, HFA1145 

HFA1110 750MHz Low Distortion Unity Gain, Closed Loop Buffer. 2-637 

HFA1112 Ultra High-Speed Closed Loop Buffer Amplifier. 2-646 

HFA1113 High-Speed, Output Clamping Closed Loop Buffer. 2-651 

HFA1130 Output Clamping, Ultra High-Speed Current Feedback Amplifier. 2-659 

1CL7611. ICL7612 ICL76XX Series Low Power CMOS Operational Amplifiers. 2-670 

ICL7621, ICL7641, ICL76XX Series Low Power CMOS Operational Amplifiers. 2-682 

ICL7642 

ICL7650S Super Chopper-Stabilized Operational Amplifier. 2-694 

SAMPLE AND HOLD AMPLIFIER DATA SHEETS 

HA-2420, Fast Sample and Hold Amplifiers. 4-3 

HA-2425 

HA-5320 High Speed Precision Monolithic Sample and Hold Amplifier. 4-12 

HA-5330 Very High Speed Precision Monolithic Sample and Hold Amplifier. 4-19 

HA-5340 High Speed, Low Distortion, Precision Monolithic Sample and Hold Amplifier. 4-23 

HA5350, HA5351 Ultra Fast (50ns) Sample and Hold Amplifiers. 4-31 

HA5352 Ultra Fast (50ns) Dual Sample and Hold Amplifier. 4-36 

SPECIAL ANALOG CIRCUITS DATA SHEETS 

CA555, LM555 Timers for Timing Delays and Oscillator Applications In Commercial, Industrial and 7-3 

Military Equipment. 

CA1391, CA1394 TV Horizontal Processors. 7-9 

CA3089 FM IF System. 7-13 

CA3126 TV Chroma Processor. 7-20 

CA3189 FM IF System. 7-29 

CA3194 Single Chip PAL Luminance/Chroma Processor. 7-36 

CA3217 Single Chip TV Chroma/Luminance Processor. 7-45 

CA3256 BiMOS Analog Video Switch and Amplifier. 7-54 

NOTE: Bold Type Designates a New Product from Harris. 
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SPECIAL ANALOG CIRCUITS DATA SHEETS (Continued) 

CD22402 Sync Generator for TV Applications and Video Processing Systems. 7-66 

HA-2546 Wideband Two Quadrant Analog Multiplier. 7-76 

HA-2547 Wideband Two Quadrant Analog Multiplier. 7-89 

HA-2556 Wideband Four Quadrant Voltage Output Analog Multiplier . 7-97 

HA-2557 Wideband Four Quadrant Current Output Analog Multiplier . 7-101 

HA7210 Low Power Crystal Oscillator . 7-104 

HFA5250 Ultra High-Speed Monolithic Pin Driver . 7-108 

ICL8013 Four Quadrant Analog Multiplier. 7-112 

ICL8038 Precision Waveform GeneratorA/oltage Controlled Oscillator. 7-120 

ICL8048, Log/Antilog Amplifiers. 7-130 

ICL8049 

ICM7242 Long Range Fixed Timer. 7-140 

ICM7555, General Purpose Timers. 7-146 

ICM7556 

TELECOMMUNICATIONS DATA SHEETS 


CD22100 CMOS 4x4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating)... 8-3 

CD22101, CD22102 CMOS 4x4x2 Crosspoint Switch with Control Memory. 8-12 

CD22103A CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448 Mb/s Transmission 8-24 

Applications. 

CD22202. CD22203 5V Low Power DTMF Receiver. 8-30 

CD22204 5V Low Power Subscriber DTMF Receiver. 8-36 

CD22301 Monolithic Pan Repeater. 8-41 

CD22354A, CMOS Single-Chip, Full-Feature PCM CODEC. 8-46 

CD22357A 

CD22M3493 12 x 8 x 1 BiMOS-E Crosspoint Switch. 8-56 

CD22M3494 16 x 8 x 1 BiMOS-E Crosspoint Switch. 8-61 

CD22859 Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator. 8-67 

CD74HC22106, QMOS 8x8x1 Crosspoint Switch with Memory Control. 8-72 

CD74HCT22106 

HC-5502B SLIC Subscriber Line Interface Circuit. 8-81 

HC-5504B SLIC Subscriber Line Interface Circuit. 8-90 

HC-5504DLC SLIC Subscriber Line Interface Circuit. 8-98 

HC-5509A1 SLIC Subscriber Line Interface Circuit. 8-106 


NOTE: Bold Type Designates a New Product from Harris. 
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TELECOMMUNICATIONS DATA SHEETS (Continued) 

HC-5509B sue Subscriber Line Interface Circuit . 8-116 

HC-5524 sue Subscriber Line Interface Circuit. 8-126 

HC-5560 PCM Transcoder. 8-135 

HC-55536 Continuous Variable Slope Delta-Demodulator (CVSD). 8-144 

HC-55564 Continuously Variable Slope Delta-Modulator (CVSD). 8-147 

TRANSISTOR ARRAY DATA SHEETS 

CA3018 General Purpose Transistor Arrays. 6-5 

CA3039 Diode Array. 6-11 

CA3045, CA3046 General Purpose N-P-N Transistor Arrays. 6-15 

CA3081, CA3082 General Purpose High Current N-P-N Transistor Arrays. 6-21 

CA3083 General Purpose High Current N-P-N Transistor Array. 6-24 

CA3086 General Purpose N-P-N Transistor Array. 6-28 

CA3096 N-P-N/P-N-P Transistor Array. 6-33 

CA3127 High Frequency N-P-N Transistor Array. 6-46 

CA3141 High-Voltage Diode Array For Commercial, Industrial & Military Applications. 6-52 

CA3146, CA3183 High-Voltage Transistor Arrays. 6-55 

CA3227, CA3246 High-Frequency N-P-N Transistor Arrays For Low-Power Applications at 6-65 

Frequencies Up to 1.5GHz. 

HFA3046, HFA3096, Ultra High Frequency Transistor Array . 6-70 

HFA3127, HFA3128 


NOTE: Bold Type Designates a New Product from Harris. 
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Commercial Linear Product Cross Reference 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

3507J 

HA2-2525-5 

Yes 


3508J 

HA2-2625-5 

Yes 


3551J 

HA2-5162-5 

* 

Reduced Ibias/Greater Bandwidth 

3551S 

HA2-5160-2 

* 

Reduced Ibias/Greater Bandwidth 

3554AM 

HFA1-0001-9 

No 

Greater Bandwidth/Faster Ts/Lower price 

3554BM 

HFA1-0001-9 

No 

Greater Bandwidth/Faster Ts/Lower price 

3554SM 

HFA1-0001-9 

No 

Greater Bandwidth/Faster Ts/Lower price 

AD3554AM 

HFA1-0001-9 

No 

Greater Bandwidth/Faster Ts/Lower price 

AD3554BM 

HFA1-0001-9 

No 

Greater Bandwidth/Faster Ts/Lower price 

AD3554SM 

HFA1-0001-9 

No 

Greater Bandwidth/Faster Ts/Lower price 

AD389BD 

HA1-5320-2 

No 

Faster Acquisition/Reduced Droop 

AD389KD 

HA1-5320-5 

No 

Faster Acquisition/Reduced Droop 

AD507JH 

HA2-2625-5 

Yes 


AD507KH 

HA2-2625-5 

Yes 


AD507SH 

HA2-2620-2 

Yes 


AD509JH 

HA2-2525-5 

Yes 

Substitute HA2-2529-5 

AD509KH 

HA2-2525-5 

Yes 

Substitute HA2-2529-5 

AD509SH 

HA2-2520-2 

Yes 

Substitute HA2-2529-2 

AD518JH 

HA2-2515-5 

Yes 


AD518JN 

HA3-2515-5 

Yes 


AD518KH 

HA2-2515-5 

Yes 


AD518SH 

HA2-2510-2 

Yes 


AD539JD 

HA1-2547-5 

No 

Enhanced Bandwidth 

AD539KD 

HA1-2547-5 

No 

Enhanced Bandwidth 

AD539SD 

HA1-2547-9 

No 

Enhanced Bandwidth 

AD542JH 

HA1-5170-5 

* 

Enhanced ACs 

AD5539JN 

HA3-2839-5 

* 


AD5539JQ 

HA1-2839-5 

* 


AD5539SQ 

HA1-2539-2 

* 


AD582KD 

HA1-2425-5 

No 

Faster Acquisition/Enhanced ACs 

AD582SD 

HA1-2420-2 

No 

Faster Acquisition/Enhanced ACs 

AD583KD 

HA1-2425-5 

Yes 

Faster Acquisition/Greater lout 

AD585AQ 

HA1-5320-5 

No 

Faster Acquisition/Reduced Droop 

AD585SQ 

HA1-5320-2 

No 

Faster Acquisition/Reduced Droop 

AD811AN 

HA3-5020-9 

Yes 

Lower Power, Price 

AD811SQ/883 

HA7-5020/883 

Yes 

Lower Power, Price 

AD821AQ 

CA5160AE (PDIP) 

* 

Reduced Ibias/Enhanced ACs 

AD821AS 

CA5160AE (PDIP) 

* 

Reduced Ibias/Enhanced ACs 

AD821JN 

CA5160AE 

* 

Reduced Ibias/Enhanced ACs 

AD840JN 

HA3B2840-5 

Yes 

Lower Cost 

AD840JQ 

HA1-2840-5 

Yes 

Lower Cost 

AD840KN 

HA3B2840-5 

Yes 

Lower Cost 

AD840KQ 

HA1-2840-5 

Yes 

Lower Cost 

AD840SQ 

HA1-2840/883 

Yes 

Lower Cost 

AD840SQ/883 

HA1-2840/883 

Yes 

Lower Cost 

AD841JH 

HA2-2541-5 

Yes 


AD841JN 

HA3-2841-5 

Yes 

Lower Cost 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

AD841JQ 

HA1-2541-5 

Yes 


AD841KH 

HA2-2541-5 

Yes 


AD841KN 

HA3-2841-5 

Yes 

Lower Cost 

AD841KQ 

HA7-2841-5 

Yes 

Enhanced ACs/Lower Power 

AD841SH 

HA2-2541/883 

Yes 

Enhanced ACs/Lower Power 

AD841SQ 

HA1-2841/883 

Yes 

Lower Cost 

AD841SQ/883 

HA1-2841/883 

Yes 

Lower Cost 

AD842JH 

HA2-2542-5 

Yes 


AD842JN 

HA3B2842-5 

Yes 

Lower Cost 

AD842JQ 

HA1-2542-5 

Yes 


AD842KH 

HA2-2542-5 

Yes 


AD842KN 

HA3B2842-5 

Yes 

Lower Cost 

AD842KQ 

HA1-2542-5 

Yes 


AD842SH 

HA2-2542/883 

Yes 

Enhanced ACs/Lower Cost 

AD842SQ 

HA1-2842/883 

Yes 

Lower Cost 

AD842SQ/883 

HA1-2842/883 

Yes 

Lower Cost 

AD844AN 

HA3-5020-9 

Yes 

Enhanced ACs and Video Performance 

AD844AQ 

HA7-5020-9 

Yes 

Enhanced ACs and Video Performance 

AD844BQ 

HA7-5020-9 

Yes 

Enhanced ACs and Video Performance 

AD844SQ/883B 

HA7-5020/883 

Yes 

Enhanced ACs and Video Performance 

AD846AN 

HA3-5020-9 

Yes 

Enhanced ACs/Lower Cost 

AD846AQ 

HA7-5020-9 

Yes 

Enhanced ACs/Lower Cost 

AD846BQ 

HA7-5020-9 

Yes 

Enhanced ACs/Lower Cost 

AD846SQ 

HA7-5020/883 

Yes 

Enhanced ACs/Lower Cost 

AD847JN 

HA3-2544C-5 

Yes 


AD847SQ 

HA7-2544-2 

Yes 


AD9610BH 

HA1-5004-9 

No 

Greater Bandwidth/Lower Cost Monolithic 

AD9617JN 

HFA3-0001-5 

Yes 

Greater Bandwidth/Lower Cost 

AD9620AD 

HFA1110IJ 

Yes 

Performance, Price 

AD9620SD 

HFA1110MJ/883 

Yes 

Performance, Price 

AD9630AN 

HFA1110IP 

Yes 

Performance, Price 

AD9630AQ 

HFA1110IJ 

Yes 

Performance, Price 

AD9630AR 

HFA1110IB 

Yes 

Performance, Price 

AD9630SQ 

HFA1110MJ/883 

Yes 

Performance, Price 

AD96685BH 

HFA2-0003L-9 

Yes 

Better Performance 

AD96685BQ 

HFA1-0003L-9 

Yes 

Better Performance 

AD96685BR 

HFA9P0003L-5 

Yes 

Faster Propagation Delay/Lower Cost 

ADLH0032CG 

HA2-2542-5 

• 

Monolithic/Lower Cost 

ADLH0032G 

HA2-2542-2 

* 

Monolithic/Lower Cost 

ADLH0033CG 

HA2-5033-5 

* 

Enhanced ACs/Monolithic/Lower Cost 

ADLH0033G 

HA2-5033-2 

* 

Enhanced ACs/Monolithic/Lower Cost 

ADOP27AH 

HA2-5127A-2 

Yes 

Enhanced ACs/Reduced Icc 

ADOP27AQ 

HA7-5127A-2 

Yes 

Enhanced ACs/Reduced Icc 

ADOP27EH 

HA2-5127A-5 

Yes 

Enhanced ACs/Reduced Icc 

ADOP27EQ 

HA7-5127A-5 

Yes 

Enhanced ACs/Reduced Icc 

ADOP27GH 

HA2-5127-5 

Yes 

Enhanced ACs/Reduced Icc 

ADOP27GQ 

HA7-5127-5 

Yes 

Enhanced ACs/Reduced Icc 


* Primary pins are pin-to-pin; Secondary/optional pins are not 


1-15 


GENERAL 

INFORMATION 















Commercial Linear Product Cross Reference (continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

ADOP37AH 

HA2-5137A-2 

Yes 

Enhanced ACs/Reduced Icc 

ADOP37AQ 

HA7-5137A-2 

Yes 

Enhanced ACs/Reduced Icc 

ADOP37EH 

HA2-5137A-5 

Yes 

Enhanced ACs/Reduced Icc 

ADOP37EQ 

HA7-5137A-5 

Yes 

Enhanced ACs/Reduced Icc 

ADOP37GH 

HA2-5137-5 

Yes 

Enhanced ACs/Reduced Icc 

ADOP37GQ 

HA7-5137-5 

Yes 

Enhanced ACs/Reduced Icc 

AM-450-2 

HA2-2505-5 

Yes 

Guaranteed DCs/ACs 

AM-450-2M 

HA2-2502-2 

Yes 

Guaranteed DCs/ACs 

AM-452-2 

HA2-2525-5 

Yes 

Guaranteed DCs/ACs 

AM-452-2M 

HA2-2522-2 

Yes 

Guaranteed DCs/ACs 

AM-460-2 

HA2-2605-5 

Yes 

Guaranteed DCs/ACs 

AM-460-2M 

HA2-2602-2 

Yes 

Guaranteed DCs/ACs 

AM-462-2 

HA2-2625-5 

Yes 

Guaranteed DCs/ACs 

AM-462-2M 

HA2-2620-2 

Yes 

Guaranteed DCs/ACs 

AM-7650-1 

ICL7650SCPD 

Yes 

Almost Identical 

AM-7650-2 

ICL7650SCTV-1 

Yes 

Almost Identical 

BB3554AM 

HFA1-0001-9 

No 

Greater Bandwidth/Faster Ts/Lower Cost 

BB3554BM 

HFA1-0001-9 

No 

Greater Bandwidth/Faster Ts/Lower Cost 

BB3554SM 

HFA1-0001-9 

No 

Greater Bandwidth/Faster Ts/Lower Cost 

CA3054 

CA3054 

Yes 

SOIC Version Available 

CA3146P 

CA3146E 

Yes 


CLC110A8D 

HFA1110MJ/883 

Yes 

Better Performance 

CLC110AID 

HFA1110IJ 

Yes 

Better Performance 

CLC110AJP 

HFA1110IP 

Yes 

Better Performance 

CLC110ALC 

HFA1110Y 

N/A 

Die 

CLC400A8D 

HFA1120MJ/883 

* 

Better Performance 

CLC400AID 

HFA1120IJ 

* 

Better Performance 

CLC400AID 

HFA1-0001-9 

* 

Faster Transient Response 

CLC400AJE 

HFA1120IB 


Better Performance 

CLC400AJP 

HFA1120IP 


Better Performance 

CLC400AJP 

HFA3-0001-9 


Faster Transient Response 

CLC400ALC 

HFA1120Y 

N/A 

Die 

CLC401A8D 

HFA1100MJ/883 

Yes 

Better Performance 

CLC401AID 

HFA1100IJ 

Yes 

Better Performance 

CLC401AID 

HFA1-0005-9 

* 

Faster Transient Response 

CLC401AJP 

HFA1100IP 

Yes 

Better Performance 

CLC401AJP 

HFA3-0005-9 

* 

Faster Transient Response 

CLC401ALC 

HFA1100Y 

N/A 

Die 

CLC402A8D 

HFA1100MJ/883 

Yes 

Better Performance 

CLC402AID 

HFA1100IJ 

Yes 

Better Performance 

CLC402AJE 

HFA1100IB 

Yes 

Better Performance 

CLC402AJP 

HFA1100IP 

Yes 

Better Performance 

CLC402ALC 

HFA1100Y 

N/A 

Die 

CLC402BJP 

HFA3-0005-5 

Yes 


CLC404A8D 

HFA1100MJ/883 

Yes 

Better Performance 

CLC404AID 

HFA1100IJ 

Yes 

Better Performance 

CLC404AJE 

HFA1100IB 

Yes 

Better Performance 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

CLC404AJP 

HFA1100IP 

Yes 

Better Performance 

CLC404ALC 

HFA1100Y 

N/A 

Die 

CLC406A8D 

HFA1100MJ/883 

Yes 

Better Performance 

CLC406AID 

HFA1100IJ 

Yes 

Better Performance 

CLC406AJE 

HFA1100IB 

Yes 

Better Performance 

CLC406AJP 

HFA1100IP 

Yes 

Better Performance 

CLC406ALC 

HFA1100Y 

N/A 

Die 

CLC409A8D 

HFA1100MJ/883 

Yes 

Better Performance 

CLC409AID 

HFA1100IJ 

Yes 

Better Performance 

CLC409AJE 

HFA1100IB 

Yes 

Better Performance 

CLC409AJP 

HFA1100IP 

Yes 

Better Performance 

CLC409ALC 

HFA1100Y 

N/A 

Better Performance 

CLC410A8D 

HFA1120MJ/883 

* 

CLC Has Enable 

CLC410AID 

HFA1120IJ 

* 

CLC Has Enable 

CLC410AJE 

HFA1120IB 

• 

CLC Has Enable 

CLC410AJP 

HFA1120IP 

* 

CLC Has Enable 

CLC410ALC 

HFA1120Y 

N/A 

CLC Has Enable 

CLC420A8D 

HFA7-0002/883 

Yes 

Use HFA For Gains >10 

CLC420A1D 

HFA7-0002-9 

Yes 

Use HFA For Gains >10 

CLC420AJE 

HFA9P0002-9 

Yes 

Use HFA For Gains >10 

CLC420AJP 

HFA3-0001-5 

Yes 


CLC420AJP 

HFA3-0002-9 

Yes 

Use HFA For Gains >10 

CLC420AJP 

HFA3-0005-5 

Yes 


CLC420B8D 

HFA7-0002/883 

Yes 

Use HFA For Gains >10 

CLC420BID 

HFA7-0002-9 

Yes 

Use HFA For Gains >10 

CLC420BJE 

HFA9P0002-9 

Yes 

Use HFA For Gains >10 

CLC420BJP 

HFA3-0001-5 

Yes 


CLC420BJP 

HFA3-0002-9 

Yes 

Use HFA For Gains >10 

CLC424A8D 

HFA7-0002/883 

Yes 

Use HFA For Gains >10 

CLC424AID 

HFA7-0002-9 

Yes 

Use HFA For Gains >10 

CLC424AJE 

HFA9P0002-9 

Yes 

Use HFA For Gains >10 

CLC424AJP 

HFA3-0001-5 

Yes 


CLC424AJP 

HFA3-0002-9 

Yes 

Use HFA For Gains >10 

CLC424AJP 

HFA3-0005-5 

Yes 


CLC430 

HA-5020 

Yes 

Enhanced AC and Video Performance 

CLC430AID 

HA7-5020-9 

Yes 

Better AC Performance 

CLC430AJE 

HA9P5020-9 

Yes 

Better AC Performance 

CLC430AJP 

HA3-5020-9 

Yes 

Better AC Performance 

CLC501A8D 

HFA1130MJ/883 

Yes 

Better Performance 

CLC501AID 

HFA1130IJ 

Yes 

Better Performance 

CLC501AJE 

HFA1130IB 

Yes 

Better Performance 

CLC501AJP 

HFA1130IP 

Yes 

Better Performance 

CLC502A8D 

HFA1130MJ/883 

Yes 

Better Performance 

CLC502AID 

HFA1130IJ 

Yes 

Better Performance 

CLC502AJE 

HFA1130IB 

Yes 

Better Performance 

CLC502AJP 

HFA1130IP 

Yes 

Better Performance 


EHA1-2539-2 



Primary pins are pin-to-pin; Secondary/optional pins are not 













Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

EHA1-2539-5 

HA1-2539-5 

Yes 


EHA1-2539-5 

HA1-2839-5 

Yes 

Lower Cost 

EHA1-2539/883B 

HA1-2839/883 

Yes 

Lower Cost 

EHA1-2540-2 

HA1-2540-2 

Yes 


EHA1-2540-5 

HA1-2540-5 

Yes 


EHA1-2540-5 

HA1-2840-5 

Yes 

Lower Cost 

EHA1-2540/883 

HA1-2840/883 

Yes 

Lower Cost 

EHA1-5190-2 

HA1-5190-2 

Yes 


EHA1-5195-5 

HA1-5195-5 

Yes 


EHA2-2500-2 

HA2-2500-2 

Yes 


EHA2-2502-2 

HA2-2502-2 

Yes 


EHA2-2505-5 

HA2-2505-5 

Yes 


EHA2-2510-2 

HA2-2510-2 

Yes 


EHA2-2512-2 

HA2-2512-2 

Yes 


EHA2-2515-5 

HA2-2515-5 

Yes 


EHA2-2520-2 

HA2-2520-2 

Yes 

Substitute HA2-2529-2 

EHA2-2522-2 

HA2-2522-2 

Yes 

Substitute HA2-2529-2 

EHA2-2525-5 

HA2-2525-5 

Yes 

Substitute HA2-2529-5 

EHA2-2600-2 

HA2-2600-2 

Yes 


EHA2-2602-2 

HA2-2602-2 

Yes 


EHA2-2605-5 

HA2-2605-5 

Yes 


EHA2-2620-2 

HA2-2620-2 

Yes 


EHA2-2622-2 

HA2-2622-2 

Yes 


EHA2-2625-5 

HA2-2625-5 

Yes 


EHA2-5190-2 

HA2-5190-2 

Yes 


EHA2-5195-5 

HA2-5195-5 

Yes 


EHA3-2539-5 

HA3-2539-5 

Yes 


EHA3-2539-5 

HA3-2839-5 

Yes 

Lower Cost 

EHA3-2540-5 

HA3B2840-5 

Yes 

Lower Cost 

EHA3-2540-5 

HA3-2540-5 

Yes 


EHA7-2500-2 

HA7-2500-2 

Yes 


EHA7-2502-2 

HA7-2502-2 

Yes 


EHA7-2505-5 

HA7-2505-5 

Yes 


EHA7-2510-2 

HA7-2510-2 

Yes 


EHA7-2512-2 

HA7-2512-2 

Yes 


EHA7-2515-5 

HA7-2515-5 

Yes 


EHA7-2520-2 

HA7-2520-2 

Yes 


EHA7-2522-2 

HA7-2522-2 

Yes 


EHA7-2525-5 

HA7-2525-5 

Yes 


EHA7-2600-2 

HA7-2600-2 

Yes 


EHA7-2602-2 

HA7-2602-2 

Yes 


EHA7-2605-5 

HA7-2605-5 

Yes 


EHA7-2620-2 

HA7-2620-2 

Yes 


EHA7-2622-2 

HA7-2622-2 

Yes 


EHA7-2625-5 

HA7-2625-5 

Yes 


EL2003CH 

HA2-5002-5 

Yes 

Greater Slew Rate/Reduced Icc 

EL2003CJ 

HA7-5002-5 

No 

Greater Slew Rate/Reduced Icc 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

EL2003CN 

HA3-5002-5 

No 

Greater Slew Rate/Reduced Icc 

EL2003CPL 

HA9P5002-9 

No 

Greater Slew Rate/Reduced Icc 

EL2003H 

HA2-5002-2 

Yes 

Greater Slew Rate/Reduced Icc 

EL2003J 

HA7-5002-2 

No 

Greater Slew Rate/Reduced Icc 

EL2005CG 

HA2-5033-5 

* 

Greater Bandwidth 

EL2005G 

HA2-5033-2 

* 

Greater Bandwidth 

EL2020CJ 

HA7-5020-5 

Yes 

Better Performance 

EL2020CM 

HA9P5020-5 

* 

Enhanced ACs and DCs/Lower Cost 

EL2020CN 

HA3-5020-5 

Yes 

Better Performance 

EL2020J 

HA7-5020/883 

Yes 

Enhanced ACs and DCs/Lower Cost 

EL2020J/883B 

HA7-5020/883 

Yes 

Better Performance 

EL2030CJ 

HA7-5020-5 

* 

Enhanced DCs/Lower Cost 

EL2030CN 

HA3-5020-5 

Yes 

Disable Feature 

EL2030J/883B 

HA7-5020/883 

* 

Enhanced DCs/Lower Cost 

EL2033CJ 

HA7-5002-5 

* 

Greater Slew Rate/Reduced Icc 

EL2033CN 

HA3-5002-5 

* 

Greater Slew Rate/Reduced Icc 

EL2033J 

HA7-5(X)2-2 

* 

Greater Slew Rate/Reduced Icc 

EL2039CJ 

HA1-2839-5 

Yes 

Lower Cost 

EL2039CN 

HA3-2839-5 

Yes 

Lower Cost 

EL2039J 

HA1-2839/883 

Yes 

Enhanced ACs/Lower Power/Lower Cost 

EL2039J/883 

HA1-2839/883 

Yes 

Lower Cost 

EL2040CJ 

HA1-2840-5 

Yes 

Lower Cost 

EL2040CN 

HA3B2840-5 

Yes 

Lower Cost 

EL2040J 

HA1-2840/883 

Yes 

Enhanced ACs/Lower Power/Lower Cost 

EL2040J/883 

HA1-2840/883 

Yes 

Lower Cost 

EL2041CG 

HA2-2541-5 

Yes 

Enhanced ACs/Lower Power/Lower Cost 

EL2041CJ 

HA1-2841-5 

Yes 

Enhanced ACs/Lower Power/Lower Cost 

EL2041G 

HA2-2841/883 

Yes 

Enhanced ACs/Lower Power/Lower Cost 

EL2041J 

HA1-2841/883 

Yes 

Enhanced ACs/Lower Power/Lower Cost 

EL2044CN 

HA3-2841-5 

Yes 

Low Power 

EL2044CN 

HA3-2841-5 

* 


EL2044CS 

HA9P2841-5 

* 


EL2070CN 

HFA1120IP 

* 

Better Performance 

EL2070CS 

HFA1120IB 

* 

Better Performance 

EL2070J/883B 

HFA1120MJ/883 

* 

Better Performance 

EL2071CN 

HFA1100IP 

* 

Better Performance 

EL2071CS 

HFA1120IB 

* 

Better Performance 

EL2071J/883B 

HFA1120MJ/883 

* 

Better Performance 

EL2072CN 

HFA1110IP 

Yes 

Better Performance 

EL2072CS 

HFA1110IB 

Yes 

Better Performance 

EL2072J/883B 

HFA1110MJ/883 

Yes 

Better Performance 

EL2073CN 

HFA3-0005-5 



EL2073CS 

HFA9P0005-5 

* 


EL2073J/883B 

HFA7-0005/883 

* 


EL2074CN 

HFA3-0005-5 

* 


EL2074CS 

HFA9P0005-5 

* 


EL2074J/883B 

HFA7-0005/883 

* 



* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

EL2075CN 

HFA3-0002-5 

* 


EL2075CS 

HFA9P0002-5 

* 


EL2075J/883B 

HFA7-0002/883 

* 


EL2120CN 

HA3-5020-5 

Yes 

Lower Power 

EL2120CS 

HA9P5020-5 

Yes 

Lower Power 

EL2130CN 

HFA1100IP 

Yes 

Better Performance 

EL2130CS 

HFA1100IB 

Yes 

Better Performance 

EL2171CN 

HFA1100IP 

Yes 

Better Performance 

EL2171CS 

HFA1100IB 

Yes 

Better Performance 

EL2171J/883B 

HFA1100IJ/883 

Yes 

Better Performance 

EL2190G 

HA2-5190-2 

Yes 


EL2190J 

HA1-5190-2 

Yes 


EL2195CG 

HA2-5195-5 

Yes 


EL2195CJ 

HA1-5195-5 

Yes 


EL400CN 

HFA1120IP 

* 

Better Performance 

EL400CS 

HFA1120IB 

* 

Better Performance 

EL400J/883B 

HFA1120MJ/883 

* 

Better Performance 

ELH0032CG 

HA2-2542-5 

* 


ELH0032G 

HA2-2542-2 



ELH0033CG 

HA2-5033-5 

* 

Greater Bandwidth 

ELH0033G 

HA2-5033-2 

* 

Greater Bandwidth 

HOS050 

HA2-2542-2 

* 

Lower Cost 

HOS050A 

HA2-2542-2 

* 

Lower Cost 

HOS050C 

HA2-2542-2 

* 

Lower Cost 

HOS-100AH 

HA2-5033-2 

* 

Greater Bandwidth/Lower Cost 

HOS-100SH 

HA2-5033-2 

* 

Greater Bandwidth/Lower Cost 

ICL7611ACPA 

ICL7611ACPA 

Yes 


ICL7611ACTV 

ICL7611ACTV 

Yes 


ICL7611AMTV 

ICL7611AMTV 

Yes 


ICL7611BCPA 

ICL7611BCPA 

Yes 


ICL7611BCTV 

ICL7611BCTV 

Yes 


ICL7611BMTV 

ICL7611BMTV 

Yes 


ICL7611DCPA 

ICL7611DCPA 

Yes 


ICL7611DCSA 

ICL7611DCBA 

Yes 


ICL7611DCTV 

ICL7611DCTV 

Yes 


ICL7611DMTV 

ICL7611DMTV 

Yes 


ICL7612ACPA 

ICL7612ACPA 

Yes 


ICL7612ACTV 

ICL7612ACTV 

Yes 


ICL7612AMTV 

ICL7612AMTV 

Yes 


ICL7612BCPA 

ICL7612BCPA 

Yes 


ICL7612BCTV 

ICL7612BCTV 

Yes 


ICL7612BMTV 

ICL7612BMTV 

Yes 


ICL7612DCPA 

ICL7612DCPA 

Yes 


ICL7612DCSA 

ICL7612DCBA 

Yes 


ICL7612DCTV 

ICL7612DCTV 

Yes 


ICL7612DMTV 

ICL7612DMTV 

Yes 


ICL7621ACPA 

ICL7621ACPA 

Yes 



* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

ICL7621ACTV 

ICL7621ACTV 

Yes 


ICL7621AMTV 

ICL7621AMTV 

Yes 


ICL7621BCPA 

ICL7621BCPA 

Yes 


ICL7621BCTV 

ICL7621BCTV 

Yes 


ICL7621BMTV 

ICL7621BMTV 

Yes 


ICL7621DCPA 

ICL7621DCPA 

Yes 


ICL7621DCSA 

ICL7621DCBA 

Yes 


ICL7621DCTV 

ICL7621DCTV 

Yes 


ICL7621DMTV 

ICL7621DMTV 

Yes 


ICL7641CCPD 

ICL7641CCPD 

Yes 


ICL7641ECPD 

ICL7641ECPD 

Yes 


ICL7642CCJD 

ICL7642CCJD 

Yes 


ICL7642CCPD 

ICL7642CCPD 

Yes 


ICL7642CMJD 

ICL7642CMJD 

Yes 


ICL7642ECJD 

ICL7642ECJD 

Yes 


ICL7642ECPD 

ICL7642ECPD 

Yes 


ICL7642EMJD 

ICL7642EMJD 

Yes 


ICL7650BCPA-1 

ICL7650SCPA-1 

Yes 

Reduced Vio/lbias 

ICL7650BCPD 

1CL7650SCPD 

Yes 

Reduced Vio/lbias 

ICL7650BCTV-1 

ICL7650SCTV-1 

Yes 

Reduced Vio/lbias 

ICM7242IPA 

ICM7242IPA 

Yes 


ICM7555CD 

ICM7555CBA 

Yes 


ICM7555CN 

ICM7555IPA 

Yes 

Wider Operating Voltage Range 

ICM7555IN 

ICM7555IPA 

Yes 

Wider Operating Voltage Range 

ICM7555IPA 

ICM7555IPA 

Yes 

Wider Operating Voltage Range 

ICM7555ITV 

ICM7555ITV 

Yes 


ICM7555MTV 

ICM7555MTV 

Yes 


ICM7556IPD 

ICM7556IPD 

Yes 

Wider Operating Supply Range 

ICM7556MJD 

ICM7556MJD 

Yes 

Wider Operating Supply Range 

KF351N 

CA3140E 

Yes 

Reduced Ibias/lio 

KS272ACN 

CA5260AE 

Yes 

Specified @ +5V Supply 

KS272AIN 

CA5260AE 

Yes 

Specified @ +5V Supply 

KS272CN 

CA5260E 

Yes 

Specified @ +5V Supply 

KS272IN 

CA5260E 

Yes 

Specified @ +5V Supply 

KS274CN 

CA5470E 

Yes 

Greater Bandwidth/Spec. @ +5V Supply 

KS274IN 

CA5470E 

Yes 

Greater Bandwidth/Spec. @ +5V Supply 

LF157H 

CA3130AT 

Yes 

Reduced Iblas 

LF198AH 

HA1-2420-2 (CDIP) 

No 

Faster Acquisition 

LF198H 

HA1-2420-2 (CDIP) 

No 

Faster Acquisition 

LF351D 

CA3140M 

Yes 

Reduced Ibias/lio 

LF351H 

CA3140T 

Yes 

Reduced Ibias/lio 

LF351M 

CA3140M 

Yes 

Reduced Ibias/lio 

LF351N 

CA3140E 

Yes 

Reduced Ibias/lio 

LF351P 

CA3140E 

Yes 

Reduced Ibias/lio 

LF353N 

CA3240E 

Yes 

Reduced Ibias/lio 

LF353P 

CA3240E 

Yes 

Reduced Ibias/lio 

LF357AH 

CA3130AT 

Yes 

Reduced Ibias 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

LF357H 

CA3130T 

Yes 

Reduced Ibias/lio 

LF357M 

CA3130M 

Yes 

Reduced Ibias/lio 

LF357N 

CA3130E 

Yes 

Reduced Ibias/lio 

LF398AH 

HA1-2425-5 (CDIP) 

No 

Faster Acquisition 

LF398AN 

HA3-2425-5 

No 

Faster Acquisition 

LF398H (CAN) 

HA1-2425-5 (CDIP) 

No 

Faster Acquisition 

LF398N 

HA3-2425-5 

No 

Faster Acquisition 

LF400CH 

CA3100T 

* 

Similar ACs 

LF411CD 

CA3140AM 

Yes 

Reduced Ibias/lio 

LF411CH 

CA3140AT 

Yes 

Reduced Ibias/lio 

LF411CN 

CA3140AE 

Yes 

Reduced Ibias/lio 

LF411CP 

CA3140AE 

Yes 

Reduced Ibias/iio 

LF411MH 

CA3140AT 

Yes 

Reduced Ibias/lio 

LF412CD 

CA3240AE 

Yes 

Reduced Ibias/lio 

LF412CN 

CA3140AE 

Yes 

Reduced Ibias/lio 

LF412CP 

CA3240AE 

Yes 

Reduced Ibias/lio 

LH0002CH 

HA2-5002-5 

* 

Enhanced ACs/DCs/MonolithIc 

LH0002CN 

HA3-5002-5 

No 

Enhanced ACs/DCs/MonollthIc 

LH0002H 

HA2-5002-2 

* 

Enhanced ACs/DCs/Monolithic 

LH0022CD 

CA3140AE (PDIP) 

No 

Greater Bandwidth/Slew Rate 

LH0022CH 

CA3140AT 

Yes 

Greater Bandwidth/Slew Rate 

LH0032ACG 

HA2-2542-S 

Yes 

MonolithIc/Lower Cost 

LH0032AG 

HA2-2542-2 

Yes 

MonolithIc/Lower Cost 

LH0032CG 

HA2-2542-5 

Yes 

MonolithIc/Lower Cost 

LH0032G 

HA2-2542-2 

Yes 

Monolithic/Lower Cost 

LH0033ACG 

HA2-5033-5 


Greater BandwIdth/Monolithic/Lower Cost 

LH0033AG 

HA2-5033-2 

* 

Monolithic/Lower Cost 

LH0033CG 

HA2-5033-5 

«t 

Greater Bandwidth/Monollthic/Lower Cost 

LH0033CJ 

HA3-5033-5 

* 

Monolithic/Lower Cost 

LH0033G 

HA2-5033-2 


Monollthic/Lower Cost 

LH0042CD 

CA3140E (PDIP) 

No 

Greater Bandwidth/Slew Rate 

LH0042CH 

CA3140T 

Yes 

Greater Bandwidth/Slew Rate 

LH4004CD 

HA1-5004-5 

No 

Monolithic/Lower Cost 

LH4004D 

HA1-5004-9 

No 

MonolithIc/Lower Cost 

LH4161CH 

HA2-2544-5 

No 

PDIP Substitute Is HA3-2544C-5 

LH4161CJ 

HA7-2544-5 

No 


LH4161H 

HA2-2544-2 

No 


LH4161J 

HA7-2544-2 

No 


LM143H 

HA2-2640-2 

* 

Enhanced ACs 

LM193H 

CA3290AT 

Yes 

MOSFET Input 

LM2901N 

CA3290AE 

Yes 

MOSFET Input 

LM2903N 

CA3290AE 

Yes 

MOSFET Input 

LM293H 

CA3290AT 

Yes 

MOSFET Input 

LM3045J 

CA3045F 

Yes 


LM3046D 

CA3046M 

Yes 


LM3046N 

CA3046E 

Yes 


LM3080AN 

CA3080AE 

Yes 



* Primary pins are pin-to-pin; Secondary/optlonal pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

LM3080N 

CA3080E 

Yes 


LM3086J 

CA3086F 

Yes 


LM3086M 

CA3086M 

Yes 


LM3086N 

CA3086 

Yes 


LM3146M 

CA3146M 

Yes 

Enhanced "A" Version Offered 

LM3146N 

CA3146E 

Yes 

Enhanced "A" Version Offered 

LM3302N 

CA3290E/LM3302N 

Yes 


LM343H 

HA2-2645-5 

* 

Enhanced ACs 

LM393H 

CA3290AT 

Yes 

MOSFET Input 

LM393N 

CA3290AE 

Yes 

MOSFET Input 

LM556CN 

ICM7556IPD 

Yes 

CMOS/Reduced Icc 

LM604ACM 

HA9P2406-5 

No 

Enhanced ACs 

LM604ACN 

HA3-2406-5 

No 

Enhanced ACs 

LM604AMJ 

HA1-2400-2 

No 

Enhanced ACs 

LM604CM 

HA9P2406-5 

No 

Enhanced ACs 

LM604CN 

HA3-2406-5 

No 

Enhanced ACs 

LM6118J 

HA7-5222-9 

Yes 

Lower Vio 

LM6161J 

HA7-2544-2 

* 

Guaranteed Differential Phase/Gain 

LM6164J 

HA1-5190-2 

No 

Reduced Voltage Noise 

LM6165J 

HA1-2540-2 

No 

Enhanced Slew Rate/Avol 

LM6218AH 

HA2-5222-9 

No 

Lower Vio 

LM6218AJ 

HA7-5222-9 

Yes 

Lower Vio 

LM6361N 

HA3-2544C-5 

* 

Guaranteed Differential Phase/Gain 

LM6364N 

HA1-5195-5 

No 

Reduced Voltage Noise 

LM6365N 

HA3-2540C-5 

No 

Enhanced Slew Rate/Avol 

LMC555CH 

ICM7555ITV 

Yes 

Reduced Icc/Wider Supply Range 

LMC555CM 

ICM7555CBA 

Yes 

Reduced Icc/Wider Supply 7yRange 

LMC555CN 

ICM7555IPA 

Yes 

Reduced Icc/Wider Supply Range 

LMC668ACJ 

ICL7650SIJD 

Yes 

Enhanced DCs 

LMC668ACJ-8 

ICL7650SIJA-1 

Yes 

Enhanced DCs 

LMC668ACN 

ICL7650SIPD 

Yes 

Enhanced DCs 

LS204AT 

HA2-5102-2 

Yes 

Reduced Noise Voltage 

LS204CB 

HA3-5102-5 

Yes 

Reduced Noise Voltage 

LS204CM 

HA9P-5102-5 

Yes 

Reduced Noise Voltage 

LS204CT 

HA2-5102-5 

Yes 

Reduced Noise Voltage 

LS204T 

HA2-5102-2 

Yes 

Reduced Noise Voltage 

LS404CB 

HA3-5104-5 

Yes 

Reduced Noise Voltage 

LS404CM 

HA9P-5104-5 


Reduced Noise Voltage 

LS404M 

HA9P-5104-9 


Reduced Noise Voltage 

LS776CB 

CA3440AE 

Yes 

MOS Input 

LS776T 

CA3440AT 

Yes 

MOS Input 

LT1001CH 

HA2-5177-5 

Yes 

Enhanced ACs/Reduced Icc 

LT1001CJ8 

HA7-5177-5 

Yes 

Enhanced ACs/Reduced Icc 

LT1001MH 

HA2-5177-2 

Yes 

Enhanced ACs/Reduced Icc 

LT1001MJ8 

HA7-5177-2 

Yes 

Enhanced ACs/Reduced Icc 

LT1014ACJ 

HA1-5134A-5 

Yes 

Reduced Vio/Enhanced ACs 

LT1014ACJ 

HA5234IJ 

Yes 

Lower Cost, Better ACs 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

LT1014AMJ 

HA1-5134A-2 

Yes 

Reduced Vlo/Enhanced ACs 

LT1014CJ 

HA1-5134-5 

Yes 

Reduced VIo/Enhanced ACs 

LT1014CN 

HA5234IP 

Yes 

Lower Cost, Better ACs 

LT1014DN 

HA5234IP 

Yes 

Lower Cost, Better ACs 

LT1014MJ 

HA1-5134-2 

Yes 

Reduced Vlo/Enhanced ACs 

LT1022CH 

HA2-5160-5 

* 

Greater Bandwidth/Slew Rate 

LT1022MH 

HA2-5160-2 

* 

Greater Bandwidth/Slew Rate 

LT1037ACH 

HA2-5137A-5 

Yes 

Enhanced ACs/Reduced Icc 

LT1037ACJ8 

HA7-5137A-5 

Yes 

Enhanced ACs/Reduced Icc 

LT1037AMH 

HA2-5137A-2 

Yes 

Enhanced ACs/Reduced Icc 

LT1037AMJ8 

HA7-5137A-2 

Yes 

Enhanced ACs/Reduced Icc 

LT1037CH 

HA2-5137-5 

Yes 

Enhanced ACs/Reduced Icc 

LT1037CJ8 

HA7-5137-5 

Yes 

Enhanced ACs/Reduced Icc 

LT1037MH 

HA2-5137-2 

Yes 

Enhanced ACs/Reduced Icc 

LT1037MJ8 

HA7-5137-2 

Yes 

Enhanced ACs/Reduced Icc 

LT1126ACN8 

HA3-5222-5 

Yes 


LT1126AMJ8 

HA7-5222/883 

Yes 


LT1126CJ8 

HA7-5222-5 

Yes 


LT1126CN8 

HA3-5222-5 

Yes 


LT1126MJ8 

HA7-5222/883 

Yes 


LT1190CJ8 

HFA7-0005-5 

* 

Much Wider Bandwidth 

LT1190CN8 

HFA3-0005-5 


Much Wider Bandwidth 

LT1190CS8 

HFA9P0005-5 

* 

Much Wider Bandwidth 

LT1190MJ8 

HFA7-0005/883 

* 

Much Wider Bandwidth 

LT1191CJ8 

HFA7-0005-5 

* 

Much Wider Bandwidth 

LT1191CN8 

HFA3-0005-5 

* 

Much Wider Bandwidth 

LT1191CS8 

HFA9P0005-5 

- 

Much Wider Bandwidth 

LT1191MJ8 

HFA7-0005/883 

* 

Much Wider Bandwidth 

LT1192CJ8 

HFA7-0002-5 

* 

For Gains >10 

LT1192CN8 

HFA3-0002-5 

* 

For Gains >10 

LT1192CS8 

HFA9P0002-5 

* 

For Gains >10 

LT1192MJ8 

HFA7-0002/883 

* 

For Gains >10 

LT1220CN8 

HA3-2841-5 

Yes 


LT1221CN8 

HA3-2841-5 

Yes 


LT1221MJ8 

HA7-2841/883 

Yes 


LT1222CJ8 

HA7-2840-5 

* 


LT1222CN8 

HA3-2840-5 

* 


LT1222MJ8 

HA7-2840/883 



LT1223CJ8 

HA7-5020-5 

Yes 

Better Video Specifications 

LT1223CJ8 

HA7-5020-5 

Yes 

Enhanced ACs and Video Performance 

LT1223CN8 

HA3-5020-5 

Yes 

Better Video Specifications 

LT1223CN8 

HA3-5020-5 

Yes 

Enhanced ACs and Video Performance 

LT1223CS8 

HA9P5020-5 

Yes 

Enhanced ACs and Video Performance 

LT1223CS8 

HA9P5020-5 

Yes 

Better Video Specifications 

LT1223MJ8 

HA7-5020/883 

Yes 

Better Video Specifications 

LT1223MJ8 

HA7-5020/883 

Yes 

Enhanced ACs and Video Performance 

LT1224CN8 

HA3-2841-5 

Yes 

Better Video Specifications 



* Primary pins are pin-to-pin; Secondary/optlonal pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

LT1224CS8 

HA9P2841-5 

Yes 

Better Video Specifications 

LT1224MJ8 

HA7-2841/883 

Yes 

Better Video Specifications 

LT1225CN8 

HA3-2841-5 

Yes 

For Gains > 5 

LT1225CS8 

HA9P2841-5 

Yes 

For Gains > 5 

LT1225MJ8 

HA7-2841/883 

Yes 

For Gains > 5 

LT1226CJ8 

HA7-2840-5 

* 

For Gains > 25 

LT1226CN8 

HA3-2840-5 

* 

For Gains > 25 

LT1226CS8 

HA9P2840-5 

* 

For Gains > 25 

LT1226MJ8 

HA7-2840/883 

* 

For Gains > 25 

LT1227CN8 

HA3-5020-5 

Yes 

Lower Cost 

LT1227CS8 

HA9P5020-5 

Yes 

Lower Cost 

LT1227MJ8 

HA7-5020/883 

Yes 

Lower Cost 

LTC1050ACH 

ICL7650SITV-1 

* 

Reduced Ibias/lio 

LTC1050ACN8 

ICL7650SIPA-1 

* 

Reduced Ibias/lio 

LTC1050AMH 

ICL7650SMTV-1 

* 

Reduced Ibias/lio 

LTC1050CH 

ICL7650SITV-1 

* 

Reduced Ibias/lio/Greater Avol 

LTC1050CN8 

ICL7650SIPA-1 

* 

Reduced Ibias/lio/Greater Avol 

LTC1050CP 

ICL7650SIPA-1 

* 

Reduced Ibias/lio 

LTC1050MH 

ICL7650SMTV-1 

* 

Reduced Ibias/lio/Greater Avol 

MAX460IGC 

HA2-5033-5 

* 

Greater Bandwidth 

MAX460MGC 

HA2-5033-2 

* 

Greater Bandwidth 

MAX9685CJE 

HFA1-0003L-5 

Yes 

Better Performance 

MAX9685CPE 

HFA3-0003L-5 

Yes 

Better Performance 

MAX9685CSE 

HFA9P0003L-5 

Yes 


MAX9685CTW 

HFA2-0003L-5 

Yes 

Better Performance 

MAX9690CJA 

HFA1-0003L-5 

Yes 

Better Performance 

MAX9690CPA 

HFA3-0003-5 

Yes 

Better Performance 

MAX9690CSA 

HFA9P0003-5 

Yes 


MC1776CD 

ICL7611DCBA 

Yes 

Lower Power Drain 

MC1776CG 

ICL7611BCTV 

Yes 

Lower Power Drain 

MC1776CP1 

ICL7611BCPA 

Yes 

Lower Power Drain 

MC1776G 

ICL7611BMTV 

Yes 

Lower Power Drain 

MC3302N 

CA3290E 

Yes 

MOSFET Input 

MC3303D 

CA5470M 

Yes 

MOS Input/Enhanced ACs 

MC3303N 

CA5470E 

Yes 

FEMOS Input/Enhanced ACs 

MC33071P 

CA3140AE 

Yes 

Reduced Ibias/lio 

MC33072P 

CA3240AE 

Yes 

Reduced Ibias/lio 

MC3346D 

CA3046M 

Yes 

Full - 55 to 125 Degrees C Operation 

MC3346P 

CA3046E 

Yes 

Full -55 to 125 Degrees C Operation 

MC34001BG 

CA3140AT 

Yes 

Reduced Ibias/lio 

MC34001BP 

CA3140AE 

Yes 

Reduced Ibias/lio 

MC34001G 

CA3140T 

Yes 

Reduced Ibias/lio 

MC34001P 

CA3140E 

Yes 

Reduced Ibias/lio 

MC34002BG 

CA3240AT 

Yes 

Reduced Ibias/lio 

MC34002BP 

CA3240AE 

Yes 

Reduced Ibias/lio 

MC34002G 

CA3240T 

Yes 

Reduced Ibias/lio 

MC34002P 

CA3240E 

Yes 

Reduced Ibias/lio 


* Primary pins are pin-to^pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

MC3403D 

CA5470M 

Yes 

MOS Input/Enhanced ACs 

MC3403N 

CA5470E 

Yes 

MOS Input/Enhanced ACs 

MC34071P 

CA3140AE 

Yes 

Reduced Ibias/lio 

MC34072P 

CA3240AE 

Yes 

Reduced Ibias/lio 

MC3456L 

ICM7556MJD 

Yes 

CMOS/Reduced Icc 

MC3456P 

ICM7556IPD 

Yes 

CMOS/Reduced Icc 

MC3556L 

ICM7556MJD 

Yes 

CMOS/Reduced Icc 

MC668ACN-8 

ICL7650SCPA-1 

Yes 

Enhanced DCs 

NE5230N 

CA5160AE 

No 

MOS Input 

NE5517AN 

CA3280AE 

No 

Reduced Vio 

NE5517D 

CA3280M 

No 

Reduced Vio 

NE5517N 

CA3280E 

No 

Reduced Vio 

NE5532AFE 

HA7-5102-5 

Yes 

Enhanced DCs/Reduced Icc 

NE5532AN 

HA3-5102-5 

Yes 

Enhanced DCs/Reduced Icc 

NE5532FE 

HA7-5102-5 

Yes 

Enhanced DCs/Reduced Icc 

NE5532N 

HA3-5102-5 

Yes 

Enhanced DCs/Reduced Icc 

NE5534AFE 

HA7-5101-5 

* 

Enhanced DCs 

NE5534AN 

HA3-5101-5 

* 

Enhanced DCs 

NE5534FE 

HA7-5101-5 

* 

Enhanced DCs 

NE5534N 

HA3-5101-5 

* 

Enhanced DCs 

NE5539D 

HA9P-2539-5 

* 

Specified @ +/- 15V Supplies 

NE5539F 

HA1-2839-5 

* 

Specified @ +/- 15V Supplies 

NE5539N 

HA3-2839-5 

* 

Specified @ +/- 15V Supplies 

NE556N 

ICM7556IPD 

Yes 

CMOS/Reduced Icc 

NE556-1N 

ICM7556IPD 

Yes 

CMOS/Reduced Icc 

OP11AY 

HA1-5134-2 

Yes 

Enhanced ACs 

OP11EY 

HA1-5134-5 


Enhanced ACs 

OP11FY 

HA1-5104-5 

Yes 

Enhanced ACs 

OP160GP 

HA3-5020-9 

Yes 


OP160GS 

HA9P5020-5 

Yes 


OP215GZ 

CA3240AE (PDIP) 

Yes 


OP220CJ 

HA2-5142-2 

Yes 

Enhanced ACs 

OP220CZ 

HA7-5142-2 

Yes 

Enhanced ACs 

OP220GJ 

HA2-5142-5 

Yes 

Enhanced ACs 

OP220GZ 

HA7-5142-5 

Yes 

Enhanced ACs 

OP271AZ 

HA7-5102-2 

Yes 

Lower Voltage Noise/Greater Bandwidth 

OP271EZ 

HA7-5102-5 

Yes 

Lower Voltage Noise/Greater Bandwidth 

OP271FZ 

HA7-5102-5 

Yes 

Lower Voltage Noise/Greater Bandwidth 

OP271GP 

HA3-5102-5 

Yes 

Lower Voltage Noise/Greater Bandwidth 

OP271GS 

HA9P-5102-9 

Yes 

Lower Voltage Noise/Greater Bandwidth 

OP27AH 

HA2-5127A-2 

Yes 

Enhanced ACs/Reduced Icc 

OP27AJ 

HA2-5127A-2 

Yes 

Enhanced ACs/Reduced Icc 

OP27AJ8 

HA7-5127A-2 

Yes 

Enhanced ACs/Reduced Icc 

OP27AZ 

HA7-5127A-2 

Yes 

Enhanced ACs/Reduced Icc 

OP27CH 

HA2-5127-2 

Yes 

Enhanced ACs/Reduced Icc 

OP27CJ 

HA2-5127-2 

Yes 

Enhanced ACs/Reduced Icc 

OP27CJ8 

HA7-5127-2 

Yes 

Enhanced ACs/Reduced Icc 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

OP27CZ 

HA7-5127-2 

Yes 

Enhanced ACs/Reduced Icc 

OP27EH 

HA2-5127A-5 

Yes 

Enhanced ACs/Reduced Icc 

OP27EJ 

HA2-5127A-5 

Yes 

Enhanced ACs/Reduced Icc 

OP27EJ8 

HA7-5127A-5 

Yes 

Enhanced ACs/Reduced Icc 

OP27EZ 

HA7-5127A-5 

Yes 

Enhanced ACs/Reduced Icc 

OP27GH 

HA2-5127-5 

Yes 

Enhanced ACs/Reduced Icc 

OP27GJ 

HA2-5127-5 

Yes 

Enhanced ACs/Reduced Icc 

OP27GJ8 

HA7-5127-5 

Yes 

Enhanced ACs/Reduced Icc 

OP27GZ 

HA7-5127-5 

Yes 

Enhanced ACs/Reduced Icc 

OP37AH 

HA2-5137A-2 

Yes 

Enhanced ACs/Reduced Icc 

OP37AJ 

HA2-5137A-2 

Yes 

Enhanced ACs/Reduced Icc 

OP37AJ8 

HA7-5137A-2 

Yes 

Enhanced ACs/Reduced Icc 

OP37AZ 

HA7-5137A-2 

Yes 

Enhanced ACs/Reduced Icc 

OP37CH 

HA2-5137-2 

Yes 

Enhanced ACs/Reduced Icc 

OP37CJ 

HA2-5137-2 

Yes 

Enhanced ACs/Reduced Icc 

OP37CJ8 

HA7-5137-2 

Yes 

Enhanced ACs/Reduced Icc 

OP37CZ 

HA7-5137-2 

Yes 

Enhanced ACs/Reduced Icc 

OP37EH 

HA2-5137A-5 

Yes 

Enhanced ACs/Reduced Icc 

OP37EJ 

HA2-5137A-5 

Yes 

Enhanced ACs/Reduced Icc 

OP37EJ8 

HA7-5137A-5 

Yes 

Enhanced ACs/Reduced Icc 

OP37EZ 

HA7-5137A-5 

Yes 

Enhanced ACs/Reduced Icc 

OP37GH 

HA2-5137-5 

Yes 

Enhanced ACs/Reduced Icc 

OP37GJ 

HA2-5137-5 

Yes 

Enhanced ACs/Reduced Icc 

OP37GJ8 

HA7-5137-5 

Yes 

Enhanced ACs/Reduced Icc 

OP37GZ 

HA7-5137-5 

Yes 

Enhanced ACs/Reduced Icc 

OP400AY 

HA1-5134A-2 

Yes 


OP400EY 

HA1-5134A-5 

Yes 


OP400EY 

HA5234IJ 

Yes 

Lower Cost, Better ACs 

OP400FY 

HA1-5134-5 

Yes 


OP400FY 

HA5234IJ 

Yes 

Lower Cost, Better ACs 

OP400GP 

HA5234IP 

Yes 

Lower Cost, Better ACs 

OP400GS 

HA5234IB 

Yes 

Lower Cost, Better ACs 

OP400HP 

HA5234IP 

Yes 

Lower Cost, Better ACs 

OP400HS 

HA5234IB 

Yes 

Lower Cost, Better ACs 

OP41EJ 

CA3193AT 

Yes 

Reduced Vio/Noise Voltage 

OP41FJ 

CA3193T 

Yes 

Reduced Vio/Nolse Voltage 

OP41GP 

CA3193E 

Yes 

Reduced Vio/Noise Voltage 

OP420BY 

HA1-5144-2 

Yes 

Enhanced ACs 

OP420CY 

HA1-5144-2 

Yes 

Enhanced ACs 

OP420HY 

HA1-5144-5 

Yes 

Enhanced ACs 

OP470AY 

HA1-5104-2 

Yes 


OP470EY 

HA1-5104-5 

Yes 


OP470FY 

HA1-5104-5 

Yes 


OP470GP 

HA3-5104-5 

Yes 


OP470GS 

HA9P5104-5 

Yes 


OP47AD 

HA7-5147A-2 

Yes 

Greater Bandwidth/Mln Acl=10 

OP47AT 

HA2-5147A-2 

Yes 

Greater Bandwidth/Min Acl=10 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

OP47CD 

HA7-5147-2 

Yes 

Greater Bandwidth/Min Acl=10 

OP47CT 

HA2-5147-2 

Yes 

Greater Bandwidth/Min Acl=10 

OP47EN 

HA7-5147A-5 (CDIP) 

Yes 

Greater Bandwidth/Min AcklO 

OP47GN 

HA7-5147.5 (CDIP) 

Yes 

Greater Bandwidth/Min AcblO 

OP62AJ 

HA2-5221-9 


Greater Slew Rate 

OP62AZ 

HA7-5221-9 


Greater Slew Rate 

OP62EJ 

HA2-5221-9 


Greater Slew Rate 

OP62EZ 

HA7-5221-9 

* 

Greater Slew Rate 

OP62FJ 

HA2-5221-9 

* 

Greater Slew Rate 

OP62FZ 

HA7-5221-9 

* 

Greater Slew Rate 

OP63AJ 

HA2-5221-9 


Reduced Vio 

OP63AZ 

HA7-5221-9 


Reduced Vio 

OP63EJ 

HA2-5221-9 


Reduced Vio 

OP63EZ 

HA7-5221-9 


Reduced Vio 

OP63FJ 

HA2-5221-9 


Reduced Vio 

OP63FZ 

HA7-5221-9 


Reduced Vio 

OP64AJ 

HA2-5221-9 


Reduced Vio 

OP64AZ 

HA7-5221-9 


Reduced Vio 

OP64EJ 

HA2-5221-9 


Reduced Vio 

OP64EZ 

HA7-5221-9 


Reduced Vio 

OP64FJ 

HA2-5221-9 


Reduced Vio 

OP64FZ 

HA7-5221-9 


Reduced Vio 

OP65AJ 

HA2-2548-9 

* 

Lower Vio/Guaranteed Ts 

OP65AZ 

HA7-2548-9 

* 

Lower Vio/Guaranteed Ts 

OP65EJ 

HA2-2548-9 

* 

Lower Vio/Guaranteed Ts 

OP65EZ 

HA7-2548-9 

* 

Lower Vio/Guaranteed Ts 

OP65FJ 

HA2-2548-9 


Lower Vio/Guaranteed Ts 

OP65FZ 

HA7-2548-9 


Lower Vio/Guaranteed Ts 

OP65GP 

CA3450E 

No 

Greater Bandwidth /Slew Rate 

OP77BJ 

HA2-5177-2 

Yes 

Greater Bandwidth/Reduced Icc 

OP77BZ 

HA7-5177-2 

Yes 

Greater Bandwidth/Reduced Icc 

OP77FJ 

HA2-5177-5 

Yes 

Greater Bandwidth/Reduced Icc 

OP77FZ 

HA7-5177-5 

Yes 

Greater Bandwidth/Reduced Icc 

OP80FJ 

CA5420AT 

* 

Single Supply Operation 

OP80GJ 

CA5420T 

* 

Single Supply Operation 

OP80GP 

CA5420E 

* 

Single Supply Operation 

OPA121KP 

CA3140AE 

* 

MOS Input/Enhanced ACs 

OPA2111KM 

HA2-5102-5 

Yes 

Greater Bandwidth 

OPA2111KP 

HA3-5102-5 

Yes 

Greater Bandwidth 

OPA27AJ 

HA2-5127A-2 

Yes 

Enhanced ACs/Reduced Icc 

OPA27AZ 

HA7-5127A-2 

Yes 

Enhanced ACs/Reduced Icc 

OPA27CJ 

HA2-5127-2 

Yes 

Enhanced ACs/Reduced Icc 

OPA27CZ 

HA7-5127-2 

Yes 

Enhanced ACs/Reduced Icc 

OPA27EJ 

HA2-5127A-5 

Yes 

Enhanced ACs/Reduced Icc 

OPA27EZ 

HA7-5127A-5 

Yes 

Enhanced ACs/Reduced Icc 

OPA27GJ 

HA2-5127-5 

Yes 

Enhanced ACs/Reduced Icc 

OPA27GZ 

HA7-5127-5 

Yes 

Enhanced ACs/Reduced Icc 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

OPA37AJ 

HA2-5137A-2 

Yes 

Enhanced ACs/Reduced Icc 

OPA37AZ 

HA7-5137A-2 

Yes 

Enhanced ACs/Reduced Icc 

OPA37CJ 

HA2-5137-2 

Yes 

Enhanced ACs/Reduced Icc 

OPA37C2 

HA7-5137-2 

Yes 

Enhanced ACs/Reduced Icc 

OPA37EJ 

HA2-5137A-5 

Yes 

Enhanced ACs/Reduced Icc 

OPA37EZ 

HA7-5137A-5 

Yes 

Enhanced ACs/Reduced Icc 

OPA37GJ 

HA2-5137-5 

Yes 

Enhanced ACs/Reduced Icc 

OPA37GZ 

HA7-5137-5 

Yes 

Enhanced ACs/Reduced Icc 

OPA404AG 

HA1-5114-5 

Yes 

Lower Voltage Noise/Enhanced ACs 

OPA404BG 

HA1-5114-5 

Yes 

Lower Voltage Noise/Enhanced ACs 

OPA404KP 

HA3-5114-5 

Yes 

Lower Voltage Noise/Enhanced ACs 

OPA404KU 

HA9P-5114-5 

Yes 

Lower Voltage Noise/Enhanced ACs 

OPA404SG 

HA1-5114-2 

Yes 

Lower Voltage Noise/Enhanced ACs 

OPA445AP 

HA7-2645-5 

Yes 


OPA445BM 

HA2-2640-2 

Yes 


OPA445SM 

HA2-2640-2 

Yes 


OPA620KG 

HFA7-0005-5 

* 

Enhanced ACs 

OPA620KP 

HFA3-0005-5 

* 

Enhanced ACs 

OPA620LG 

HFA7-0005-5 

* 

Enhanced ACs 

OPA620SG 

HFA7-0005-9 

* 

Enhanced ACs 

OPA621KG 

HFA7-0002-5 

* 

Lower Voltage Noise/Tenxo 

OPA621KP 

HFA3-0002-5 

* 

Lower Voltage Noise/Temco 

OPA621LG 

HFA7-0002-5 

* 

Lower Voltage Noise/Temco 

OPA621SG 

HFA7-0002-9 

* 

Lower Voltage Noise/Temco 

OPA633AH 

HA2-5033-2 

Yes 


OPA633KP 

HA3-5033-5 

Yes 


OPA633SH 

HA2-5033-5 

Yes 


OP-15CH 

CA3140AT 

Yes 

Reduced Ibias/lio 

OP-15GN8 

CA3140AE 

Yes 

Reduced Ibias/lio 

RC3403AN 

CA5470E 

Yes 

MOS Input/Enhanced ACs 

RC4741D 

HA1-4741-2 

Yes 

Guaranteed ACs 

RC4741M 

HA9P-4741-5 

Yes 

Guaranteed ACs 

RC5532AN 

HA3-5102-5 

Yes 

Enhanced DCs/Reduced Icc 

RC5532N 

HA3-5102-5 

Yes 

Enhanced DCs/Reduced Icc 

RC5534AN 

HA3-5101-5 

* 

Enhanced DCs/Reduced Icc 

RC5534N 

HA3-5101-5 

* 

Enhanced DCs/Reduced Icc 

RM5334T 

HA2-5101-2 

* 

Reduced Icc 

RM5532AD 

HA7-5102-2 

Yes 

Reduced Icc 

RM5532AT 

HA2-5102-2 

Yes 

Reduced Icc 

RM5532D 

HA7-5102-2 

Yes 

Reduced Icc 

RM5532T 

HA2-5102-2 

Yes 

Reduced Icc 

RM5534AD 

HA7-5101-2 

* 

Reduced Icc 

RM5534AT 

HA2-5101-2 

* 

Reduced Icc 

RM5534D 

HA7-5101-2 

* 

Reduced Icc 

SA5230N 

CA5160AE 

No 

MOS Input 

SA556N 

ICM7556IPD 

Yes 

CMOS/Reduced Icc 

SA556-1N 

ICM7556IPD 

Yes 

CMOS/Reduced Icc 


Primary pins are pin-to-pin; Secondary/optional pins are not 












Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

SE5532AFE 

HA7-5102-2 

Yes 

Reduced Icc 

SE5532FE 

HA7-5102-2 

Yes 

Reduced Icc 

SE5534AFE 

HA7-5101-2 

* 

Reduced Ibias/lio 

SE5534FE 

HA7-5101-2 

* 

Reduced Ibias/lio 

SE5539F 

HA1-2539-2 

* 

Specified @ +/- 15V Supplies 

SE556F 

ICM7556MJD 

Yes 

CMOS/Reduced Icc 

SE556‘1CN 

ICM7556MJD 

Yes 

CMOS/Reduced Icc 

SE556-1F 

ICM7556MJD 

Yes 

CMOS/Reduced Icc 

SG1536T 

HA2-2640-2 

* 

Reduced Vio/Enhanced ACs 

SG1536Y 

HA7-2640-2 

* 

Reduced Vio/Enhanced ACs 

SG3045J 

CA3045F 

Yes 


SG3049T 

CA3049T 

Yes 

Greater Bandwidth/Reduced Noise 

SG3083 

CA3083 

Yes 


SG3183D 

CA3183M 

Yes 

Identical Specs @ 25 degrees C 

SG3183N 

CA3183E 

Yes 

Identical Specs @ 25 degrees C 

SHC5320KH 

HA1-5320-5 

Yes 


SHC5320SH 

HA1-5320-2 

Yes 


SHC85 

HA1-2425-5 

No 

Enhanced ACs 

SHC85ET 

HA1-2420-2 

No 

Enhanced ACs 

SHM-20C 

HA1-5320-5 

Yes 

Guaranteed Acquisition Time 

SHM-20M 

HA1-5320-2 

Yes 

Guaranteed Acquisition Time 

SHM-IC-1 

HA1-2425-5 

Yes 

Almost Identical 

SHM-IC-1M 

HA1-2420-2 

Yes 

Almost Identical 

SL3045C-DG 

CA3045F 

Yes 


SL3046C-DP 

CA3046E 

Yes 


SL3127C-DC 

CA3127F 

Yes 

SOIC Version Available 

SL3127C-DP 

CA3127E 

Yes 


SL3145C-DC 

CA3045F 

Yes 

Greater Breakdown Voltages 

SL3145C-DP 

CA3046E 

Yes 

Greater Breakdown Voltages 

SL3227-DP 

CA3227E 

Yes 

Greater Breakdown Voltages 

SL3227.MP 

CA3227M 

Yes 

Greater Breakdown Voltages 

SL3245-DP 

CA3246E 

Yes 

Programmable Biasing Current 

SL3245-MP 

CA3246M 

Yes 

Faster Acquisition/Lower Droop 

SL6310C-DP 

CA3094E 

No 

Faster Acquisition/Lower Droop 

SMP10AY 

HA1-2420-2 


Faster Acquisition/Lower Droop 

SMP10BY 

HA1-2420-2 

* 

Faster Acquisition/Lower Droop 

SMP10EY 

HA1-2425-5 

* 

Faster Acquisition/Lower Droop 

SMP10FY 

HA1-2425-5 

* 

Faster Acquisition/Lower Droop 

SMP11AY 

HA1-2420-2 

* 

Faster Acquisition/Lower Droop 

SMP11BY 

HA1-2420-2 

« 

Faster Acquisition/Lower Droop 

SMP11EY 

HA1-2425-5 

* 

* 

SMP11FY 

HA1-2425-5 

* 

* 

SP1-2541-2 

HA1-2541-2 

Yes 


SP1-2541-5 

HA1-2541-5 

Yes 


SP1-2542-2 

HA1-2542-2 

Yes 


SP1-2542-5 

HA1-2542-5 

Yes 


SP1-5330-2 

HA1-5330-2 

Yes 



* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

SP1-5330-5 

HA1-5330-5 

Yes 


SP2-2500-2 

HA2-2500-2 

Yes 


SP2-2502-2 

HA2-2502-2 

Yes 


SP2-2505-5 

HA2-2505-5 

Yes 


SP2-2510-2 

HA2-2510-2 

Yes 


SP2-2512-2 

HA2-2512-2 

Yes 


SP2-2515-5 

HA2-2515-5 

Yes 


SP2-2520-2 

HA2-2520-2 

Yes 

Substitute HA2-2529-2 

SP2-2522-2 

HA2-2522-2 

Yes 

Substitute HA2-2529-2 

SP2-2525-5 

HA2-2525-5 

Yes 

Substitute HA2-2529-5 

SP2-2541-2 

HA2-2541-2 

Yes 


SP2-2541-5 

HA2-2541-5 

Yes 


SP2-2542-2 

HA2-2542-2 

Yes 


SP2-2542-5 

HA2-2542-5 

Yes 


SP2-2600-2 

HA2-2600-2 

Yes 


SP2-2602-2 

HA2-2602-2 

Yes 


SP2-2605-5 

HA2-2e05-5 

Yes 


SP2-2620-2 

HA2-2620-2 

Yes 


SP2-2622-2 

HA2-2622-2 

Yes 


SP2-2625-5 

HA2-2625-5 

Yes 


SP3-2505-5 

HA3-2505-5 

Yes 


SP3-2515-5 

HA3-2515-5 

Yes 


SP3-2525-5 

HA3-2525-5 

Yes 

Substitute HA3-2529-5 

SP3-2542-5 

HA3B2842-5 

Yes 


SP3-2605-5 

HA3-2605-5 

Yes 


SP3-2625-5 

HA3-2625-5 

Yes 


SP7-2500-2 

HA7-2500-2 

Yes 


SP7-2502-2 

HA7-2502-2 

Yes 


SP7-2505-5 

HA7-2505-5 

Yes 


SP7-2510-2 

HA7-2510-2 

Yes 


SP7-2512-2 

HA7-2512-2 

Yes 


SP7-2515-5 

HA7-2515-5 

Yes 


SP7-2520-2 

HA7-2520-2 

Yes 

Substitute HA7-2529-2 

SP7-2522-2 

HA7-2522-2 

Yes 

Substitute HA7-2529-2 

SP7-2525-5 

HA7-2525-5 

Yes 

Substitute HA7-2529-5 

SP7-2600-2 

HA7-2600-2 

Yes 


SP7-2602-2 

HA7-2602-2 

Yes 


SP7-2605-5 

HA7-2605-5 

Yes 


SP7-2620-2 

HA7-2620-2 

Yes 


SP7-2622-2 

HA7-2622-2 

Yes 


SP7-2625-5 

HA7-2625-5 

Yes 


TA75393P 

CA3290AE/CA3290E 

Yes 

Reduced ibias/lio/lcc 

TA75557F 

HA9P5102-9 j 

No 

Greater Bandwidth/Reduced Vnoise 

TA75557P 

HA3-5102-5 

Yes 

Greater Bandwidth/Reduced Vnoise 

TA75559F 

HA9P5112-9 

No 

Greater Bandwidth/Reduced Vnoise 

TA75559P 

HA3-5112-5 

Yes 

Greater Bandwidth/Reduced Vnoise 

TCA520BN 

CA5130AE 

* 

MOS Input/Enhanced ACs 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

TCA520TD 

CA5130M 

* 

MOS Input/Enhanced ACs 

TCA971 

CA3146AE/CA3046E 

Yes 

Greater Vcbo With CA3146 

TCA971G 

CA3146AM/CA3046M 

Yes 

Greater Vcbo With CA3146 

TCA991 

CA3146E/CA3046E 

Yes 

Greater Vcbo With CA3146 

TCA991G 

CA3146M/CA3046M 

Yes 

Greater Vcbo With CA3146 

TD62507F 

CA3183AM 

No 

Alt. Product Is CA3083 

TD62507P 

CA3183AE 

No 

Alt. Product Is CA3083 

TDB2046DP 

CA3046E 

Yes 

Full -55 to 125 Degrees C Operation 

TDB2046FP 

CA3046M 

Yes 

Full -55 to 125 Degrees C Operation 

TLC251ACP 

CA3440AE 

* 


TLG251CP 

CA3440E 

* 


TLC252ACD 

CA5260AM 

Yes 

Specified @ +5V Supply 

TLC252ACP 

CA5260AE 

Yes 

Specified @ +5V Supply 

TLC252CD 

CA5260M 

Yes 

Specified @ +5V Supply 

TLC252CP 

CA5260E 

Yes 

Specified @ +5V Supply 

TLC254CD 

CA5470M 

Yes 

Specified @ +5V Supply 

TLC254CN 

CA5470E 

Yes 

Specified @ +5V Supply 

TLC272ACD 

CA5260AM 

Yes 

Greater Vout Range/Reduced Icc 

TLC272ACP 

CA5260AE 

Yes 

Greater Vout Range/Reduced Icc 

TLC272AID 

CA5260AM 

Yes 

Greater Vout Range/Reduced Icc 

TLC272AIP 

CA5260AE 

Yes 

Greater Vout Range/Reduced Icc 

TLC272CD 

CA5260M 

Yes 

Greater Vout Range/Reduced Icc 

TLC272CP 

CA5260E 

Yes 

Greater Vout Range/Reduced Icc 

TLC272ID 

CA5260M 

Yes 

Greater Vout Range/Reduced Icc 

TLC272IP 

CA5260E 

Yes 

Greater Vout Range/Reduced Icc 

TLC272MJG 

CA5260E (PDiP) 

Yes 

Greater Vout Range/Reduced Icc 

TLC274CD 

CA5470M 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC274CN 

CA5470E 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC274ID 

CA5470M 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC2741N 

CA5470E 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC274MJ 

CA5470E (PDIP) 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2ACD 

CA5260AM 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2ACP 

CA5260AE 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2AID 

CA5260AM 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2AIP 

CA5260AE 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2CD 

CA5260M 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2CP 

CA5260E 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2ID 

CA5260M 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2IP 

CA5260E 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2MJG 

CA5260E (PDIP) 

Yes 

Greater Vout/Bandwidth/Slew Rate 

TLC555CD 

ICM7555CBA 

Yes 

Reduced Icc 

TLC555IP 

ICM7555IPA 

Yes 

Reduced Icc 

TLC556CN 

ICM7556IPD 

Yes 

Reduced Icc 

TLC556IN 

ICM7556IPD 

Yes 

Reduced Icc 

TLC556MJ 

ICM7556MJD 

Yes 

Reduced Icc 

TP1321 

HA-5195 

Yes 


TP1322 

HA-2520 

Yes 



* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (continued) 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

HARRIS ADVANTAGE/COMMENT 

TP1326 

HA-2600 

Yes 


TP1332 

HA-2645 

Yes 


TP1339 

HA-2620 

No 


TP1341 

HA-2840 

Yes 


TP1342 

HA-2839 

Yes 


TP1344 

HA-5160 

Yes 


TP1345 

HA-5162 

Yes 


TP4856 

HA1-2420/25 

Yes 

Guaranteed Acquisition Time 

TP4866 

HA1-5320 

Yes 

Guaranteed Acquisition Time 

TSC7650ACPA 

ICL7650SCPA-1 

Yes 

Reduced Tempco/Voltage Noise 

TSC7650ACPD 

ICL7650SCPD 

Yes 

Reduced Tempco/Voltage Noise 

TSC7650AIJA 

ICL7650SIJA-1 

Yes 

Reduced Tempco/Voltage Noise 

TS07650AIJD 

ICL7650SIJD 

Yes 

Reduced Tempco/Voltage Noise 

UC0P01CN 

CA3140AE 

Yes 

MOSFET Input 

UC0P01GJ 

CA3140AE (PDIP) 

Yes 

MOSFET Input 

ULN2046A-1 

CA3146E 

Yes 

Full -40 to 85 Degree C Operation 

ULN2046L-1 

CA3146M 

Yes 


ULN2083A 

CA3083 

Yes 

Full -55 to 125 Degree C Operation 

ULN2083A-1 

CA3183E 

Yes 

Full -40 to 85 Degree C Operation 

ULN2083L 

CA3083M 

Yes 

Full -55 to 125 Degree C Operation 

ULN2086A 

CA3086 

Yes 

Full -55 to 125 Degree C Operation 

UPA103G 

HFA3046B 

Yes 

Lower Cost 

UPC357C 

CA3130E 

Yes 

Reduced Ibias 

UPC4741C 

HA3-4741-5 

Yes 

Guaranteed Specs Over Temp 

UPC4741G2 

HA9P4741-5 

* 

Guaranteed Specs Over Temp 

UPD5555C 

ICM7555CPA 

Yes 

Reduced Icc 

UPD5556C 

ICM7556CPD 

Yes 

Reduced Icc 

XR-13600AP 

CA3280AE 

No 

Reduced Vio/Enhanced ACs 

XR-13600CP 

CA3280E 

No 

Reduced Vio/Enhanced ACs 

XR-2242CP 

ICM72421PA 

Yes 

Greatly Reduced Icc 

XR-3403CP 

CA5470E 

Yes 

MOS Input/Enhanced ACs 

XR-4739CN 

HA7-5102-5 

No 

Enhanced ACs/DCs 

XR-4739CP 

HA3-5102-5 

No 

Enhanced ACs/DCs 

XR-4741CN 

HA1-4741-5 

Yes 

Guaranteed Channel Separation 

XR-4741CP 

HA3-4741-5 

Yes 

Guaranteed Channel Separation 

XR-4741M 

HA1-4741-2 

Yes 

Guaranteed Channel Separation 

XR-5532AN 

HA7-5102-5 

Yes 

Reduced Vio/lbias 

XR-5532AP 

HA3-5102-5 

Yes 

Reduced Vio/lbias 

XR-5532N 

HA7-5102-5 

Yes 

Reduced Vio/lbias 

XR-5532P 

HA3-5102-5 

Yes 

Reduced Vio/lbias 

XR-5534ACN 

HA7-5101-5 

* 

Greater Avol/Reduced Vio 

XR-5534ACP 

HA3-5101-5 

* 

Greater Avol/Reduced Vio 

XR-5534AM 

HA7-5101-2 

* 

Greater Avol 

XR-5534CN 

HA7-5101-5 

* 

Greater Avol/Reduced Vio 

XR-5534CP 

HA3-5101-5 

* 

Greater Avol/Reduced Vio 

XR-5534M 

HA7-5101-2 

* 

Greater Avol 

XR-8038CN 

ICL8038CCJD 

Yes 



* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference 


(Continued) ’ 


PART NUMBER 

HARRIS DEVICE 

PIN-TO-PIN 

XR-8038CP 

ICL8038CCPD 

Yes 

XR-8038M 

ICL8038AMJD 

Yes 

XR-8038N 

ICL8038BCJD 

Yes 

APPLICATION-SPECIFIC PRODUCTS FOR TELECOMMUNICATION APF 

M3493 

CD22M3493 

Yes 

M093 

CD22M3493 

Yes 

MT8812 

CD22M3493 

Yes 

78A093A 

CD22M3493 

Yes 

M3494 

CD22M3494 

Yes 

MT8816 

CD22M3494 

Yes 

TP5089 

CD22859 

No 

MJ1440 

HC5560 

No 

MJ1471 

HC5560 

No 

TCM2201 

HC5560 

No 

MC145439 

HC5560 

Yes 

MC142100 

CD22100 

Yes 

MC142101 

CD22101 

Yes 

MC142103 

CD33103 

Yes 

MJ1471 

CD22103 

Yes 

75T202 

CD22202 

Yes 

75T203 

CD22203 

Yes 

75T204 

CD22204 

Yes 

MC145436 

CD22204 

Yes 

TP3054 

CD22354A 

Yes 

TP3054B 

CD22354A 

Yes 

ETC5054 

CD22354A 

Yes 

TP3057 

CD22357A 

Yes 

TP3057B 

CD22357A 

Yes 

ETC3057 

CD22357A 

Yes 


HARRIS ADVANTAGE/COMMENT 




Primary pins are pin-to-pin; Secondary/optional pins are not 
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Data Acquisition Products 


A/D CONVERTERS DISPLAY 


CA3162/CA3162A 

iCL71C03/ICL8052 

iCL71C03/lCL8068 

ICL7106 

ICL7107 

ICL7116/7117 

ICL7126 

ICL7129 

ICL7136 

ICL7137 

ICL7139 

ICL7149 

HI-7166/7167 


A/D Converter for 3*'/2-Digit Display 

Precision 4V2-Digit A/D Converter 

Precision 4V2-Digit A/D Converter 

3V2-Digit LCD Single-Chip A/D Converter 

3V2-Digit LED Single-Chip A/D Converter 

3V2-Digit with Display Hold Single-Chip A/D Converter 

3V2-Digit Low Power Single-Chip A/D Converter 

4V2-Digit LCD Single-Chip A/D Converter 

3V2-Digit LCD Low Power A/D Converter 

3V2-Digit LED Low Power Single-Chip A/D Converter 

3%-Digit Autoranging Multimeter 

Low Cost 3%-Digit Autoranging Multimeter 

Improved 3V2 Digit LCD/LED Single Chip A/D Converters 


A/D CONVERTERS INTEGRATING 


HI-7159 

ICL7104/ICL8052 

ICL7104/ICL8068 

ICL7109 

ICL7135 


Microprocessor-Compatible 5V2-Digit A/D Converter 
14/16-Bit ^iP-Compatlble 2-Chip A/D Converter 
14/16-Bit ^P-Compatible 2-Chip A/D Converter 
12-Bit pP-Compatible AJD Converter 
4V2-Digit BCD Output A/D Converter 


A/D SUCCESSIVE APPROXIMATION 


ADCO802/3/4 

CA3310/CA3310A 

HI-574A 

HI5812 

HI-674A 

HI-774 

HI-7153 


8-Bit pP-CompatIble A/D Converter 

CMOS 10-Blt A/D Converter with internal Track and Hold 

Fast, Complete 12-Bit A/D Converter with Microprocessor Interface 

Low Power, Sampling 12-Bit A/D Converter 

I2ps, Complete 12-Blt A/D Converter with Microprocessor Interface 

8)xs Complete 12-Blt A/D Converter with Microprocessor Interface 

8-Channel 10-Bit High-Speed A/D Converter with Track and Hold 


A/D CONVERTERS FLASH 

CA3304 CMOS Video-Speed 4-Blt Flash A/D Converter 

CA3306 CMOS Video-Speed 6-Bit Flash A/D Converter 

CA3318 CMOS Video-Speed 8-Bit Flash A/D Converter 

HI-5700 8-Blt, 20MSPS Flash A/D Converter 

HI-5701 6-Bit. 30MSPS Flash A/D Converter 

HI-5800 12-Blt, 3MSPS Sampling A/D Converter 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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Data Acquisition Products 


(Continued) 


D/A CONVERTERS 

AD7520 10/12-Bit Multiplying DIA Converter 

AD7521 10/12-Bit Multiplying DIA Converter 

AD7530 10/12-Bit Multiplying DIA Converter 

AD7531 10/12-Bit Multiplying DIA Converter 

AD7523 8-Bit Multiplying D/A Converter 

AD7533 10-Bit Multiplying D/A Converter 

AD7541 12-Bit Multiplying D/A Converter 

AD7545 12-Bit Buffered Multiplying CMOS DAC 

CA3338 CMOS Video-Speed 8-Bit R-2R D/A Converter 

HI-565A High-Speed Monolithic D/A Converter with Reference 

HI-DAC80V 12-Bit, Low Cost, Monolithic D/A Converter 


HI-DAC80V 

HI-DAC85V 


12-Bit, Low Cost. Monolithic D/A Converter 


ANALOG SWITCHES 


DG201A 


DG300A 

DG301A 

DG302A 

DG303A 


DG401/403/405 

DG411/412/413 

DG441/442 


HI-201 HS 


Dual SPST CMOS Analog Switch 

Quad SPST CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Dual SPST TTL Compatible CMOS Analog Switch 

SPDT TTL Compatible CMOS Analog Switch 

Dual DPST TTL Compatible CMOS Analog Switch 

Dual SPDT TTL Compatible CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Dual CMOS Analog Switches 

Quad SPST CMOS Analog Switches 

Quad SPST CMOS Analog Switches 

Dual SPST CMOS Analog Switch 

Quad SPST CMOS Analog Switch 

High-Speed Quad SPST CMOS Analog Switch 

High Frequency Video Switch 

Dual SPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

Dual DPST CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

Dual SPST CMOS Analog Switch 

SPDT CMOS Analog Switch 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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Data Acquisition Products 


ANALOG SWITCHES (Continued) 

HI-306 Dual DPST CMOS Analog Switch 

HI-307 Dual SPDT CMOS Analog Switch 

HI-381 Dual SPST CMOS Analog Switch 

HI-384 Dual DPST CMOS Analog Switch 

HI-387 SPDT CMOS Analog Switch 

HI-390 Dual SPDT CMOS Analog Switch 

HI-5040 SPST CMOS Analog Switch 

HI-5041 Dual SPST CMOS Analog Switch 

HI-5042 SPDT CMOS Analog Switch 

HI-5043 Dual SPDT CMOS Analog Switch 

HI-5044 DPST CMOS Analog Switch 

HI-5045 Dual DPST CMOS Analog Switch 

HI-5046 DPDT CMOS Analog Switch 

HI-5046A DPDT CMOS Analog Switch 

HI-5047 4PST CMOS Analog Switch 

HI-5047A 4PST CMOS Analog Switch 

HI-5048 Dual SPST CMOS Analog Switch 

HI-5049 Dual DPST CMOS Analog Switch 

HI-5050 SPDT CMOS Analog Switch 

HI-5051 Dual SPDT CMOS Analog Switch 

IH401A Quad Varafet Analog Switch 

IH5040 SPST 75 Ohm High-Level CMOS Analog Switch 

IH5041 Dual SPST 75 Ohm High-Level CMOS Analog Switch 

IH5042 SPDT 75 Ohm High-Level CMOS Analog Switch 

IH5043 Dual SPDT 75 Ohm High-Level CMOS Analog Switch 

IH5044 DPST 75 Ohm High-Level CMOS Analog Switch 

IH5045 Dual DPST 75 Ohm High-Level CMOS Analog Switch 

IH5046 DPDT 75 Ohm High-Level CMOS Analog Switch 

IH5047 4PST 75 Ohm High-Level CMOS Analog Switch 

IH5052 Quad SPST CMOS Analog Switch 

IH5053 Quad SPST CMOS Analog Switch 

IH5140 SPST High-Level CMOS Analog Switch 

IH5141 Dual SPST High-Level CMOS Analog Switch 

IH5142 SPDT High-Level CMOS Analog Switch 

IH5143 Dual SPDT High-Level CMOS Analog Switch 

IH5144 DPST High-Level CMOS Analog Switch 

IH5145 Dual DPST High-Level CMOS Analog Switch 

IH5148 Dual SPST High-Level CMOS Analog Switch 

IH5149 Dual DPST High-Level CMOS Analog Switch 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 


(Continued) 
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(Continued)' 


ANALOG SWITCHES (Continued) 

IH5150 SPOT High-Level CMOS Analog Switch 

IH5151 Dual SPOT High-Level CMOS Analog Switch 

IH5341 Dual SPST CMOS RFA/ideo Switch 


Quad SPST CMOS RFA/ldeo Switch 


MULTIPLEXERS 


DG408/409 

DG458/459 

DG506A 

DG507A 

DG508A 

DG509A 


HI-1818A/1828A 


Single 8-Channel/Differential 4-Channel CMOS Analog Multiplexers 
Single 8-Channel/Differential 4-Channel Fault Protected Multiplexers 
16-Channel/Dual 8-Channel CMOS Analog Multiplexer 
16-Channel/Dual 8-Channel CMOS Analog Multiplexer 
8-Channel/Dual 4-Channel CMOS Analog Multiplexer 
8-Channel/Dual 4-Channel CMOS Analog Multiplexer 
16-Channel/Dual 8-Channel CMOS Latchable Multiplexer 
16-Channel/Dual 8-Channel CMOS Latchable Multiplexer 
8-Channel/Dual 4-Channel Latchable Multiplexer 
8-Channel/Dual 4-Channel Latchable Multiplexer 
Low Resistance Single 8/Differentlal 4-Channel CMOS Analog Multiplexers 
Single 16/Differential 8-Channel CMOS Analog Multiplexer 
Single 16/Dlfferential 8-Channel CMOS Analog Multiplexer 

Single 16/Differential 8-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
Single 16/Differential 8-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
Single 8/Differential 4-Channel CMOS Analog Multiplexer 
Single 8/Differential 4-Channel CMOS Analog Multiplexer 

Single 8/Differentlal 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
16-Channel/Differential 8-Channe! CMOS High-Speed Analog Multiplexer 
8-Channel/Dlfferential 4-Channel CMOS High-Speed Analog Mulltplexer 
4-Channel Wideband and Video Multiplexer 
Monolithic, 4-Channel, Low Level, Differential Multiplexer 

Single 16/Differentlal 8-Channel CMOS Analog Mulltplexer with Active Overvoltage Protection 
Single 16/Differential 8-Channel CMOS Analog Mulltplexer with Active Overvoltage Protection 
Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
8-Channel CMOS Analog Multiplexer 
4-Channel Differential CMOS Analog Multiplexer 


DISPLAY DRIVERS 


BCD to Seven Segment Decoder/Driver 
2-Digit BCD to Seven Segment Decoder/Driver 
4-Digit LCD/LED Display Driver 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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DISPLAY DRIVERS (Continued) 

ICM7212 4-Digit LCD/LED Display Driver 

ICM7218 8-Digit LED Multiplexed Display Driver 

ICM7228 8-Digit LED Multiplexed Display Driver 

ICM7231 Numeric/Alphanumeric Triplexed LCD Display Driver 

ICM7232 Numeric/Alphanumeric Triplexed LCD Display Driver 

ICM7243 8-Character pP-CompatIble LED Display Driver 


ICM7228 

ICM7231 


ICM7243 8-Character pP-CompatIble LED Display Driver 

REAL-TIME CLOCK 

ICM7170 ^lP-Compatible Real-Time CIcxik 

COUNTERS WITH DISPLAY DRIVERSmMEBASE GENERATORS 

ICM7207/A CMOS Timebase Generator 

ICM7208 7-Digit LED Display Counter 

ICM7209 Timebase Generator 

ICM7213 One Second/One Minute Timebase Generator 

ICM7216A/B/D 8-Digit Multi-Function Frequency Counter/Timer 

ICM7217 4-Digit LED Display Programmable Up/Down Counter 

ICM7224 4V2-Digit LCD/LED Display Counter 

ICM7225 4''/ 2 -Digit LCD/LED Display Counter 

1CM7226A/B 8-Digit Multi-Function Frequency Counter/Timer 

ICM7249 5V2-Digit LCD )j.-Power Event/Hour Meter 

SPECIAL PURPOSE 

AD590 2-Wire Current Output Temperature Transducer 

1CL8069 Low Voltage Reference 

DATA COMMUNICATIONS 

ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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-Digital Signal Processing Products- 


MULTIPLIERS 

HMA510 
HMU1 6/HMU17 


16 X 16-Bit CMOS Parallel Multiplier Accumulator 
16 X 16-Bit CMOS Parallel Multipliers 


ONE DIMENSIONAL FILTERS 

DEC! • MATE Harris HSP43220 Decimating Digital Filter Development Software 

HSP43168 Dual FIR Filter 

HSP43216 Half Band Filter 

HSP43220 Decimating Digital Filter 

HSP43481 Digital Filter 

H5P43881 Digital Filter 

HSP43891 Digital Filter 

TWO DIMENSIONAL FILTERS 


HSP48901 

HSP48908 


3x3 Image Filter 

Two Dimensional Convolver 


SIGNAL SYNTHESIZERS 

HSP45102 


HSP45106 

HSP45116 

HSP45116-DB 

SPECIAL FUNCTION 

HSP45240 

HSP45256 

HSP48410 

HSP50016 

HSP9501 

HSP9520/9521 

HSP-EVAL 


12-Bit Numerically Controlled Oscillator 
16-Bit Numerically Controlled Oscillator 
Numerically Controlled Oscillator/Modulator 
HSP45116 Evaluation Daughter Board 


Address Sequencer 
Binary Correlator 

Histogrammer/Accumulating Buffer 
Digital Down Converter 
Programmable Data Buffer 
Binary Correlator 
DSP Evaluation Platform 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 


SEMICONDUCTOR 
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Operational Amplifiers (continued) 
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CA3280 Dual Variable Operational Amplifier. 2-191 
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CA5420 Low Supply Voltage, Low Input Current BiMOS Operational Amplifier. 2-263 
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HA-2405 

HA-2406 Digitally Selectable Four Channel Operational Amplifier. 2-281 

HA-2444 Selectable, Four Channel Video Operational Amplifier . 2-287 

HA-2500, HA-2502, Precision High Slew Rate Operational Amplifiers. 2-290 

HA-2505 

HA-2510, HA-2512, High Slew Rate Operational Amplifiers. 2-296 

HA-2515 

HA-2520, HA-2522, Uncompensated High Slew Rate Operational Amplifiers. 2-301 

HA-2525 

HA-2529 Uncompensated, High Slew Rate High Output Current, Operational Amplifier. 2-308 

HA-2539 Very High Slew Rate Wideband Operational Amplifier. 2-315 

HA-2540 Wideband, Fast Settling Operational Amplifier. 2-322 

HA-2541 Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier. 2-330 

HA-2542 Wideband, High Slew Rate, High Output Current Operational Amplifier.. 2-338 

HA-2544 Video Operational Amplifier. 2-348 

HA-2548 Precision, High Slew Rate, Wideband Operational Amplifier. 2-358 

HA-2600, HA-2602, Wideband, High Impedance Operational Amplifiers. 2-368 

HA-2605 

HA-2620, HA-2622, Very Wideband, Uncompensated Operational Amplifiers. 2-376 

HA-2625 

HA-2640, HA-2645 High Voltage Operational Amplifiers. 2-383 

HA-2705 Low Power, High Performance Operational Amplifier. 2-389 

HA-2839 Very High Slew Rate Wideband Operationai Ampiifier . 2-392 

HA-2840 Very High Siew Rate Wideband Operationai Ampiifier . 2-400 

HA-2841 Wideband, Fast Settling, Unity Gain Stabie, Video Operationai Ampiifier . 2-408 

HA-2842 Wideband, High Siew Rate, High Output Current, Video Operationai Ampiifier . 2-417 


2-2 



































Operational Amplifiers (Continued) 


PAGE 

HA-2850 Low Power, High Slew Rate Wideband Operational Amplifier . 2>426 

HA-4741 Quad Operational Amplifier. 2-434 
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HA-5147 Ultra-Low Noise Precision High Slew Rate Wideband Operational Amplifier. 2-540 

HA-5160, HA-5162 Wideband, JFET Input High Slew Rate, Uncompensated, Operational Amplifiers. 2-548 

HA-5170 Precision JFET Input Operational Amplifier. 2-556 

HA-5177 Ultra-Low Offset Voltage Operational Amplifier. 2-564 
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WIDEBAND: Min/Max Limits at +25°C, Uniess Otherwise Specified 


SLEW Avol 

FPBW RATE (dSy MINIMUM 

(typ) (typ) Azol stable 

(MHz) (V/ps) (V/mA)* GAIN 



SUPPLY 
CURRENT 
PSRR (mA/Op 

(dB) Amp) 
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Selection Guide 


WIDEBAND: Min/Max Limits at +25°C, Unless Otherwise Specified (Continued) 


DEVICE 

GBWP 

(typ) 

(MHz) 

FPBW 

(typ) 

(MHz) 

SLEW 

RATE 

(typ) 

(V/ps) 

Avol 

(dBV 

Azol 

(V/mA)* 

MINIMUM 

STABLE 

GAIN 

OFFSET 

VOLTAGE 

(mV) 

BIAS 

CURRENT 

(nA) 

CMRR 

(dB) 

PSRR 

(dB) 

SUPPLY 

CURRENT 

(mA/Op 

Amp) 

DUAL 

HA-5222 

100.0 

0.40 

25 

106 

1 

0.8 

80.0 

86 

86 

11.0 

HA-5112 

60.0 

0.32 

20 

100 

10 

2.0 

200.0 

86 

86 

2.5 

CA3280 

9.0 

1.99 

125 

94 

1 

3.0 

5000.0 

80 

86 

2.4 

CA3280A 

9.0 

1.99 

125 

94 

1 

0.5 

5000.0 

94 

94 

2.4 

HA-5102 

8.0 

0.05 

3 

100 

1 

2.0 

200.0 

86 

86 

2.5 

CA3240 


0.14 

9 

86 

1 

15.0 

0.05 

70 

76 

6.0 

CA3240A 

4.5 

0.14 

9 

86 

1 

5.0 

0.04 

70 

76 

6.0 

CA3260 

4.0 

0.16 

10 

94 

1 

15.0 

0.05 

70 

70 

1.5 

CA3260A 

4.0 

0.16 

10 

94 

1 

5.0 

0.03 

80 

76 

1.5 

CA5260 

3.0 

0.10 

5 

80 

1 

15.0 

0.02 

70 

70 

2.0 

CA5260A 

3.0 

0.10 

5 

83 

1 

4.0 

0.02 

80 

75 

2.0 

QUAD 

HA-5114 

60.0 

0.32 

20.0 

100 

10 

2.5 

200.0 

86 

86 

1.63 

HA-2444 

45.0 

5.1 

160 

71 

1 

7.0 

15000 

70 

65 

6.25 

HA-2400 

40.0 

0.25 

30.0 

94 

1 

9.0 

200.0 

80 

74 

1.50 

HA-2404 

40.0 

0.25 

30.0 

94 

1 

9.0 

200.0 

80 

74 

1.50 

HA-2405 

40.0 

0.25 

30.0 

94 

1 

9.0 

250.0 

74 

74 

1.50 

HA-2406 

30.0 

0.24 

20.0 

92 

1 

10.0 

250.0 

74 

74 

1.75 

CA5470 

16.0 

0.22 

7.0 

80 

1 

22.0 

0.05 

55 

60 

3.00 

HA-5104 

8.0 

0.05 

3.0 

100 

1 

2.5 

200.0 

86 

86 

1.63 

HA-5134A 

4.0 

0.02 

0.8 

123 

1 

0.1 

25.0 

115 

110 

2.00 


* Azol applies to current feedback amplifiers only (HA-5004, HA-5020, HFA1100, HFA1120, HFA1130) 


CM 


NOTE: Bold type designates a new product from Harris. 
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-Selection Guide 

HIGH SLEW RATE: Min/Max Limits at +25°C, Uniess Otherwise Specified 



SLEW 



Avol 






RATE 

GBWP 

FPBW 

(dBV 

MINIMUM 

OFFSET 

BIAS 



(typ) 

(typ) 

(typ) 

AzoL 

STABLE 

VOLTAGE 

CURRENT 

CMRR 

PSRR 

(V/ps) 

(MHz) 

(MHz) 

(V/mA)* 

GAIN 

(mV) 

(nA) 

(dB) 

(dB) 


BUFFERS 


HFA1112 


HFA1113 


HFA1110 


HA-5002 


HA-5033 


SiNQLE 


HFA1100 


HFA1120 


HFA1130 


HA-5004 


HFA-0001 1000 


HA>5020 


HA-2839 


HA-2840 


HA-2539 


HFA-0005 


HA-2540 


HA-2842 


HA-2542 


HA-2850 


CA3450 


HA-2B41 


HA-2541 


HFA-0002 


HA-5190 


HA-5195 


HA-2529 


HA-2544 


HA-2520 


HA-2522 


HA-2525 


HA-2548 


HA-5160 


SUPPLY 

CURRENT 
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HIGH SLEW RATE: Min/Max Limits at +25^0, Unless Otherwise Specified (Continued) 


DEVICE 

SLEW 

RATE 

(typ) 

ms) 

GBWP 

(typ) 

(MHz) 

FPBW 

(typ) 

(MHz) 

Avol 

(dBy 

Azol 

(V/mA)* 

MINIMUM 

STABLE 

GAIN 

OFFSET 

VOLTAGE 

(mV) 

BIAS 

CURRENT 

(nA) 

CMRR 

(dB) 

PSRR 

(dB) 

SUPPLY 

CURRENT 

(mA/Op 

Amp) 

DUAL 


CA3280 

125 

9.0 

1.99 

94 

1 

3.0 

5000 

80 

86 

2.4 

CA3280A 

125 

9.0 

1.99 

94 

1 

0.5 

5000 

94 

94 

2.4 

HA-5222 

25 

100 

0.40 

106 

1 

0.75 

80 

86 

86 

11.0 

HA-5112 

20 

60 

0.32 

100 

10 

2.0 

200 

86 

86 

2.5 

CA3260 

10 

4.0 

0.16 

94 

1 

15.0 

0.05 

70 

70 

1.5 

CA3260A 

10 

4.0 

0.16 

94 

1 

5.0 

0.03 

80 

76 

1.5 

CA3240 

9.0 

4.5 

0.14 

86 

1 

15.0 

0.05 

70 

76 

6.0 

CA3240A 

9.0 

4.5 

0.14 

86 

1 

5.0 

0.04 

70 

76 

6.0 

CA5260A 

5.0 

3.0 

0.10 

83 

1 

4.0 

0.015 

80 

75 

2.0 

QUAD 

HA-2444 

160 

45 

5.1 

71 

1 

7.0 

15000 

70 

65 

6.25 

HA-2400 

30 

40 

0.25 

94 

1 

9.0 

200 

80 

74 

1.50 

HA-2404 

30 

40 

0.25 

94 

1 

9.0 

200 

80 

74 

1.50 

HA-2405 

30 

40 

0.25 

94 

1 

9.0 

250 

74 

74 

1.50 

HA-2406 

20 

30 

0.24 

92 

1 

10.0 

250 

74 

74 

1.75 

HA-5114 

20 

60 

0.32 

100 

10 

2.5 

200 

86 

86 

1.63 

CA5470 

7.0 

16 

0.22 

80 

1 

22.0 

0.05 

55 

60 

3.0 


* Azol applies to current feedback amplifiers only (HA-5004, HA-5020. HFA1100, HFA1120, HFA1130) 


NOTE: Bold type designates a new product from Harris. 
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Selection Guide 


VIDEO: Typical Values at •»-25°C, Unless Otherwise Specified 


DEVICE 

FEATURES 

DIFFER¬ 

ENTIAL 

GAIN 

(%) 

DIFFER¬ 

ENTIAL 

PHASE 

(DEG) 

0.1dB 

FLAT 

GAIN 

(MHz) 

GBWP 

(MHz) 

SLEW 

RATE 

(V/ps) 

OUTPUT 

CURRENT 

(mA) 

SUPPLY 

VOLTAGE 

RANGE 

(±V) 

SUPPLY 

CURRENT 

(mA/Op 

Amp) 

BUFFERS 

HFA1110 

+1, Std. Buffer Pinout 

0.02 

0.02 

>100 

750 

1300 

60 


21.0 

HFA1112 

-1,-i-1,+2 (Selectable) Standard 
Op Amp Pinout 

0.02 

0.04 

>100 

850 

2400 

60 

lnH 

21.0 

HFA1113 

-1,+1,+2 (Selectable) Standard 
Op Amp Pinout, Vqut Clamps 

0.02 

0.04 

>100 

850 

2400 

60 

mu 

21.0 

HA-5033 

+1, Std. Buffer Pinout 

0.03 

0.02 

- 

250 

1300 

100 

5-16 

21.0 

HA-5002 

+1, Std. Buffer Pinout 

0.06 

0.21 

- 

110 

1300 

200 

5-20 

8.3 

1 SINGLE 1 

HA-2842 

Av ^ 2, Cable Driver 

0.02 

0.03 

>10 

80 

400 

100 

6-17 

14.2 1 

HA-5020 

Av ^ 1, Output Disable, CFB 
(Current Feedback) 

0.02 

0.03 

5 

100 

1100 

32 

4.5-18 

mm 

HFA1100 

Ay^l.CFB 

0.03 

0.05 

75 

850 

2300 

60 


21.0 

HFA1120 

HFA1100 with Offset Adjust 

0.03 

0.05 

75 

850 

2300 

60 


21.0 

HFA1130 

Ay ^ 1, CFB, Programmable 
Output Clamps 

0.03 

0.05 

75 

850 

2300 

60 

4.5-5-5 

21.0 

HA-2544 

Ay^l 

0.03 

0.03 

5 

50 

150 

35 

8-17 

10.0 

HA-2841 

Ay ^1, Low Ice 

0.03 

0.03 

>10 

50 

240 

30 

6-17 

10.0 

HFA1105 

Ay ^ 1, Low lcc» CFB 

0.04 

0.04 

>25 

450 

2000 

40 


6.0 

HFA1106 

HFA1105 with Compensation 
Pin 

0.04 

0.04 

>25 

450 

2000 

40 

jjj^m 

lllllllllgl^ 

HFA1135 

Ay ^ 1, Low lcc> CFB, 
Programmable Output Clamps 

0.04 

0.04 

>25 

450 

2000 

40 

mu 

6.0 

HFA1145 

Ay^1,Lowlcc>CFB, 

Output Disable 

0.04 

0.04 

>25 

450 

2000 

40 

inn 

lllllQllll^ 

|dual I 

HA-5022 

Ay^1,CFB 

0.02 

0.03 

5 

100 

1100 

32 

4.5-18 

7.5 

HA-5023 

Ay ^ 1, CFB, Output Disable 

0.02 

0.03 

5 

100 

1100 

32 

4.5-18 

7.5 

[quad I 

HA-5024 

Ay^1,CFB 

0.02 

0.03 

5 

100 

1100 

32 

4.5-18 

7.5 

HA-5025 

Ay ^ 1, CFB, Output Disable 

0.02 

0.03 

5 

100 

1100 

32 

4.5-18 

7.5 

HA-2444 

Ay ^ 1,4-Channel, Mux'd Output 

0.03 

0.03 

10 

50 

160 

25 

8.5-17 

20.0 

1 SPECIAL FUNCTION 

HA-2546* 

Multiplier, 2 Quad, Voltage Output 

<0.1 

<0.1 

5 

40 

300 

45 

7-17 

23.0 

HA-2547* 

Multiplier, 2 Quad, Current Output 

* 

- 

- 

100 

tR = 5ns 

2.0 

7-17 

20.0 

HA-2556* 

Multiplier, 4 Quad, Voltage 
Output 

<0.1 

<0.1 

10 

45 

450 

45 

5-17 

18.0 

HA-2557* 

Multiplier, 4 Quad, Current 
Output 

- 

- 

- 

100 

t|) s 5ns 

1.6 

5-17 

13.0 

HA-2444 

Ay ^ 1,4-Channel, Mux'd Output 

0.03 

0.03 

10 

50 

160 

25 

8.5-17 

20.0 

CA3256* 

Video Switch and Amplifier 

1.0 

1.0 


25 

200 

16 

4-18** 

20 


* See Section 7 (Special Analog Circuits) for data sheets. 

** Single Supply Range. 


NOTE: Bold type designates a new product from Harris. 
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-Selection Guide 

LOW NOISE: MiiVMax Limits at +25°C, Unless Otherwise Specified 



DEVICE 

NOISE 

VOLTAGE 

IkHzft^) 

(nVNHz) 

NOISE 

CURRENT 

llcHzrt^) 

(pAA/Hz) 

GBWP 

(typ) 

(MHz) 

SLEW 

RATE 

(typ) 

(V/ps) 

MINIMUM 

STABLE 

GAIN 

OFFSET 

VOLTAGE 

(mV) 

BIAS 

CURRENT 

(nA) 

SUPPLY 
CURRENT 
(mA/Op Amp) 

SINGLE 

HFA-0002 

2.7 

4.5 

1000 

250 

10 

1.0 

1000 

20.0 

HA-5004 

2.2 

6.0* 

100 

1200 

1 

5.0 

5000* 

16.0 

HA-5127A 

3.0 

0.4 

8.5 

10 

1 

0.025 

40 

4.0 

HA-5137A 

3.0 

0.4 

63 

20 

5 

0.025 

40 

4.0 

HA-5147A 

3.0 

0.4 

120 

35 

10 

0.025 

40 

4.0 

HA-5101 

3.3 

1.1 

10 

10 

1 

3.0 

200 

7.0 

HA-5111 

3.3 

1.1 

100 

50 

10 

3.0 

200 

7.0 

HA-5221 

3.4 

1.0 

100 

25 

1 

0.75 

100 

11.0 

HA-5020 

4.5 

2.5* 

100 

1100 

1 

8.0 

8000* 

10.0 

HA-5190 

6.0 

5.0 

150 

200 

5 

5.0 

15000 

28.0 

HA-2839 

6.0 

6.0 

600 

625 

10 

2.0 

14500 

15.0 

HA-2840 

6.0 

6.0 

600 

625 

10 

2.0 

14500 

15.0 

HA-2539 

6.0 

6.0 

600 

600 

10 

10.0 

20000 

25.0 

HA-2540 

6.0 

6.0 

400 

400 

10 

10.0 

20000 

25.0 

HA-2548A 

8.3 

0.4 

150 

120 

5 

0.3 

50 

18.0 

HA-5177 

8.8 

1.2 

2.0 

0.8 

1 

0.6 

6 

1.7 

HA-5170 

10.0 

0.01 

8.0 

8.0 

1 

0.3 

0.1 

2.5 

HA-2542 

10.0 

3.0 

70 

350 

2 

10.0 

35000 

40.0 

HA-2541 

10.0 

4.0 

40 

250 

1 

2.0 

35000 

40.0 

DUAL 

HA-5222 

3.4 

1.0 

100 

25 

1 

0.75 

100 

11.0 

HA-5102 

4.3 

0.6 

8.0 

3.0 

1 

2.0 

200 

2.5 

HA-5112 

4.3 

0.6 

60 

20 

10 

2.0 

200 

2.5 

QUAD 

HA-5104 

4.3 

0.6 

8.0 

3.0 

1 

2.5 

200 

1.63 

HA-5114 

4.3 

0.6 

60 

20 

10 

2.5 

200 

1.63 

HA-5134A 

7.0 

1.0 

4.0 

1.0 

1 

0.1 

25 

2.0 


* +lnput. These are current feedback amplifiers, so value for -Input will be larger. 



NOTE: Bold type designates a new product from Harris. 
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-Selection Guide 

GENERAL PURPOSE: lypicai Values at +25^0, Unless Otherwise Specified 









MAXIMUM 

SUPPLY 



MINIMUM 


SLEW 

OFFSET 

BIAS 

SUPPLY 

CURRENT 



STABLE 

GBWP 

RATE 

VOLTAGE 

CURRENT 

VOLTAGE 

(mA/Op 

DEVICE 

DESCRIPTION 

GAIN 

(MHz) 

(V/ps) 

(mV) 

(pA) 

(±V) 

Amp) 


SINGLE 


HA-2544 


CA3100 


CA3130A 


CA6130A 


MA-2606 


HA-5101 


HA-5127A 


HA-5170 


CA3140A 


HA^645 


CA3160A 


CA5160A 


CA3080 


CA3193A 


HA-2525 


HA-2529 


HA-5137A 


HA-2625 


HA-5195 


HA-2548A 


HA-5147A 


Ultra-Stable, High Performance 


Wideband Amplifier 


BiMOS, CMOS Output, Output 
Strobe 


Mil Temp Version of CA3130A 


Wideband, Compensated, High 
input Impedance 


Low Noise, High Performance 


Low Noise, Precision, 
Compensated 


JFET Input, Precision 


BiMOS, Output Strobe Capability 


High Voltage, Compensated 


BiMOS, CMOS Output, Output 
Strobe 


Mil Temp Version of CA3160A 


Operational Transconductance 
Amp. 


BIMOS, Instrumentation Amplifier 


Uncompensated 


Uncompensated, High Output 
Current 


Low Noise, Precision 


Wideband, Uncompensated, 
High input Impedance 


Wideband, Fast Settling 


Wideband, Precision 


Low Noise, Precision, 
Wideband 


Low Noise, High Performance, 
Uncompensated 



NOTE: Bold type designates a new product from Harris. 
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--Selection Guide- 

GENERAL PURPOSE: Typical Values at +25*^0, Unless Otherwise Specified (Continued) 









MAXIMUM 

SUPPLY 



MINIMUM 


SLEW 

OFFSET 

BIAS 

SUPPLY 

CURRENT 



STABLE 

GBWP 

RATE 

VOLTAGE 

CURRENT 

VOLTAGE 

(mA/Op 

DEVICE 

DESCRIPTION 

GAIN 

(MHz) 

(V/ps) 

(mV) 

(pA) 

(±V) 

Amp) 


DUAL 


CA3280A 


HA-5102 


CA3240A 


CA3260A 


TRIPLE 


CA3060 


Operational Transconductance 
Amp. 


Low Noise, High Performance 


BiMOS, High Input Impedance 


BiMOS, CMOS Output, High 
Input Impedance 


Mil Temp Version of CA3260A 



0.25 

1.8 

0.5 

0.13 

2.0 

lO.OpA 

2.0 

5.0pA 

2.0 

5.0pA 


Operational Transconductance 
Amp. 



CA158A 

Wide Supply Range 

1 

1 

0.25 

1.0 

0.02 

16 

0.75 

HA-5112 

Low Noise, High Performance, 
Uncompensated 

10 

60 

20 

0.5 

0.13 

20 

1.5 



CA5470 

High Input Impedance, Wide 
Supply Range 

1 

14 

5 

5.0 

I.OpA 

8 

2.5 

HA-5104 

Low Noise, High Performance 

1 

8 

3 

0.5 

0.13 

20 

1.25 

CA124 

Wide Supply Range 

1 

mm 

0.5 

2.0 

0.045 

16 

0.2 

HA-5114 

Low Noise, High Performance, 
Uncompensated 

10 

60 

20 

0.5 

0.13 

20 

1.25 



NOTE: Bold type designates a new product from Harris. 


2-11 


OPERATIONAL 

AMPLIFIERS 



















































































































Selection Guide 


PRECISION: Min/Max Limits at +25°C, Unless Otherwise Specified 


DEVICE 

OFFSET 

VOLTAGE 

(mV) 

Vk) 

DRIFT 

(typ) 

(pV/°C) 

BIAS 

CURRENT 

(nA) 

OFFSET 

CURRENT 

(nA) 

CMRR 

(dB) 

PSRR 

(dB) 

GBWP 

(typ) 

(MHz) 

SLEW 

RATE 

(typ) 

(V/ps) 

Avol 

(dB) 

SUPPLY 

CURRENT 

(mA/Op 

Amp) 

SINGLE 

ICL7650S 

0.005 

0.02 

0.01 

0.005 

120 

120 

2.0 

2.5 

135 

3.0 

HA-5127A 

0.025 

0.20 

40.0 

35.0 

114 

86 

8.5 

10.0 

120 

3.5 

HA-5130 

0.025 

0.40 


2.0 

110 

100 

2.5 

0.8 

120 

1.3 

HA-5137A 

0.025 

0.20 

40.0 

35.0 

114 

100 

63.0 

20.0 

120 

3.5 

HA-5147A 

0.025 

0.20 

40.0 

35.0 

114 

100 

120.0 

35.0 

120 

3.5 

HA-5177 

0.060 

0.20 

6.0 

6.0 

110 

110 

2.0 

0.8 

126 

1.7 

HA-5135 

0.075 

0.40 

4.0 

4.0 

106 

94 

2.5 

0.8 

120 

1.7 

HA-5137 

0.100 

0.40 

80.0 

75.0 

100 

96 

63.0 

20.0 

117 

3.5 

HA-5147 

0.100 

0.40 

80.0 

75.0 

100 

96 

140.0 

35.0 

117 

3.5 

CA3193A 

0.200 

1.00 

20.0 

5.0 

110 

100 

1.2 

0.25 

110 

3.5 

HA-5170 

0.300 

2.0 

0.1 

0.03 

85 

85 

8.0 

8.0 

109 

2.5 

HA-2548A 

0.300 

3.0 

50.0 

50.0 

80 

86 

150.0 

120.0 

120 

18.0 

HA-5221 

0.750 

0.5 

80.0 

50.0 

86 

86 

100.0 

25.0 

106 

11.0 

DUAL 

HA-5232 

0.5 

5.0 

10 

10 

100 

100 

0.8 

0.15 

108 

0.73 

HA-5222 

0.75 

0.5 

80 

50 

86 

86 

100.0 

25.0 

106 

11.0 

CA158A 

2.0 

7.0 

50 

10 

70 

65 

1.0 

0.5 

94 

1.5 

HA-5102 

2.0 

3.0 

200 

75 

86 

86 

8.0 

3.0 

100 

2.5 

HA-5112 

2.0 

3.0 

200 

75 

86 

86 

60.0 

20.0 

100 

2.5 

ICL7621 

2.0 

10.0 

0.05 

0.03 

76 

80 

0.5 

0.16 

80 

0.25 

CA3280 

|[|||||Q]|[^ 

5.0 

5000 

700 

80 

86 

[[loom 

125.0 

94 

2.4 

CA258A 

3.0 

7.0 

80 

15 

70 

65 

1.0 

0.5 

94 

1.5 

CA358A 

3.0 

7.0 

100 

30 

65 

65 

1.0 

0.5 

88 

1.5 

HA-5142 

6.0 

3.0 

100.0 

10.0 

77 

77 

0.4 

1.5 

86 

0.15 

QUAD 

HA-5134A 

0.1 

0.3 

25.0 

25.0 

115 

110 

4.0 

0.75 

123 

2.0 

HA-5234 

0.50 


10 

10 

100 

100 

0.8 

0.15 

108 

0.73 

HA-5114 

2.5 

3.0 

200.0 

75.0 

86 

86 

60.0 

20.0 

100 

1.63 

HA-5104 

2.5 

3.0 

200.0 

75.0 

86 

86 

8.0 

3.0 

100 

1.63 

CA124 

5.0 

7.0 

150.0 

30.0 

70 

65 

1.0 

0.5 

94 

0.5 

HA-5144 

6.0 

3.0 

100.0 

10.0 

77 

77 

0.4 

1.5 

86 

0.15 

CA224 

7.0 

7.0 

250.0 

50.0 

65 

65 

1.0 

0.5 

88 

0.5 

CA324 

7.0 

7.0 

250.0 

50.0 

65 

65 

1.0 

0.5 

86 

0.5 

CA2902 

7.0 

7.0 

250.0 

50.0 

65 

65 

1.0 

0.5 

86 

0.3 


NOTE: Bold type designates a new product from Harris. 
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-Selection Guide 

LOW BIAS CURRENT: Min/Max Limits at +25°C, Unless Otherwise Specified 









SLEW 



SUPPLY 


BIAS 

OFFSET 

OFFSET 

CM 


GBWP 

RATE 



CURRENT 


CURRENT 

CURRENT 

VOLTAGE 

RANGE 

Avol 

(typ) 

(<yp) 

CMRR 

PSRR 

(mA/Op 

DEVICE 

(nA) 

(nA) 

(mV) 

(±V) 

(dB) 

(MHz) 

(V/PS) 

(dB) 

(dB) 

Amp 


SINGLE 


CA5420A 


CA5420 


CA3420 


CA3420A 


CA5130A 


CA5160A 


ICL7650S 


CA5130 


CA5160 


CA3130A 


HA-5160 


HA-5170 


DUAL 


CA5260 


CA5260A 


CA3260A 


CA3240A 


CA3240 


CA3260 


ICL7621 


HA-5232 


CA158A 


QUAD 


CA5470 


ICL7641 


ICL7642 


HA-5234 


HA-5134A 
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-Selection Guide 

5V SINGLE-SUPPLY: Min/Max Limits at +25°C, Unless Othewise Specified 


DEVICE 


SINGLE 


CA3440A 


CA3440 


ICL7612A 


ICL7611A 


ICL7612D 


ICL7611D 


CA3078A 


CA5160A 


CA5130A 


CA5160 


CA5130 


CA3078 


CA3130A 


CA3130 


CA3160A 


CA3160 


CA5420A 


CA5420 


CA3420A 


CA3420 


CA3140A 


CA3140 


SUPPLY* 





GAIN 


MINIMUM 

CURRENT 

INPUT 

DOES 



BANDWIDTH 

SLEW 

SINGLE 

(typ) 

OFFSET 

INPUT 

RAIL-TO- 

INPUT BIAS 

PRODUCT 

RATE 

SUPPLY 

(mA/Op 

VOLTAGE 

INCLUDE 

RAIL 

CURRENT 

(typ) 

(typ) 

VOLTAGE 

Amp) 

(mV) 

GROUND 

OUTPUT? 

(nA) 

(MHz) 

V/ps 

(V) 




NOTE: Bold type designates a new product from Harris. 
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Selection Guide 


5V SINGLE-SUPPLY: Min/Max Limits at +25°C, Unless Othewlse Specified (Continued) 


DEVICE 

SUPPLY* 

CURRENT 

(typ) 

(mA/Op 

Amp) 

INPUT 

OFFSET 

VOLTAGE 

(mV) 

DOES 

INPUT 

INCLUDE 

GROUND 

RAIL-TO- 

RAIL 

OUTPUT? 

INPUT BIAS 
CURRENT 
(nA) 

GAIN 

BANDWIDTH 

PRODUCT 

(typ) 

(MHz) 

SLEW 

RATE 

(typ) 

V/p8 

MINIMUM 

SINGLE 

SUPPLY 

VOLTAGE 

(V) 

OUTPUT 

CURRENT 

(mA) 

DUAL 

HA-5142 

0.05 

6 

YES 

NO 

100 

0.4 

1.5 

3.0 

4.5 

ICL7621A 

0.10 

2 

NO 

YES 

0.05 

0.5 

0.16 

2.0 

0.3 

ICL7621D 

0.10 

15 

NO 

YES 

0.05 

0.5 

0.16 

2.0 

0.3 

CA158A 

0.35 

3 

YES 

NO 

100 

1 

0.5 

3.0 

20 

CA358 

0.35 

7 

YES 

NO 

250 

1 

0.5 

3.0 

20 

CA3260A 

0.60 

5 

YES 

YES 

0.03 

4 

10 

4.0 

12 

CA3260 

0.60 

15 

YES 

YES 

0.05 

4 

10 

4.0 

12 

HA5232 

0.70 

0.5 

NO 

NO 

10 

0.8 

0.15 

5.0 

6.0 

CA5260A 

0.80 

4 

YES 

YES 

0.015 

3 

5 

4.5 

1.75 

CA5260 

0.80 

15 

YES 

YES 

0.015 

3 

5 

4.5 

1.75 

CA3240A 

2.00 

5 

YES 

NO 

0.04 

3.7 

9 

5.0 

12 

CA3240 

2.00 

15 

YES 

NO 

0.05 

3.7 

9 

5.0 

12 

QUAD 

ICL7642C 

0.01 

10 

NO 

YES 

0.05 

0.044 

0.016 

2.0 

0.04 

ICL7642E 

0.01 

20 

NO 

YES 

0.05 

0.044 

0.016 

2.0 

0.04 

HA-5144 

0.05 

6 

YES 

NO 

100 

0.4 

1.5 

3.0 

4.5 

CA324 

0.20 

7 

YES 

NO 

250 

1 

0.5 

5.0 

10 

CA124 

0.20 

5 

YES 

NO 

150 

1 

0.5 

5.0 

10 

HA5234 

0.70 

0.5 

NO 

NO 

10 

0.8 

0.15 

5.0 

6.0 

ICL7641C 

1.00 

10 

NO 

YES 

0.05 

1.4 

1.6 

5.0 

0.7 

ICL7641E 

1.00 

20 

NO 

YES 

0.05 

1.4 

1.6 

5.0 

0.7 

CA5470 

1.50 

22 

YES 

NO 

0.05 

14 

5 

3.0 

4 


* Supply Current for single 5V supply, if specified In data sheet. 


NOTE: Bold type designates a new product from Harris. 
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Selection Guide 


LOW POWER: Min/MaxL 


i at +25°C, Unless Otherwise Specified 


SLEW 

RATE GBWP CM 

(typ) (typ) RANGE 

(V/ps) (MHz) (±V) 


OUTPUT 

VOLTAGE 

SWING 

(±V) 


OUTPUT OFFSET BIAS 
CURRENT VOLTAGE CURRENT 
(mA) (mV) (nA) 




NOTE: Bold type designates a new product from Harris. 
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CA Type Ordering Information 


Linear (CA Series) 

Linear ICs are available in a wide variety of package 
designs. These packages are identified by suffix letters 
indicated in the chart below. When ordering Linear devices, 
it is important that the appropriate suffix letter be affixed to 
the type number as indicated on the price schedule. 


PRODUCT FLOW 


STANDARD 

PRODUCT 


PACKAGE 

CA SERIES 

Dual-ln-Une Ceramic Sidebraze 

D 

Dual-In-Line Plastic 

E 

Frit-Seal Dual-ln-Line Ceramic 

F 

Quad-In-Line Plastic 

Q 

Plastic Lead Chip Carrier 

Q 

Dual-ln-Llne Formed Lead TO-5 

S 

TO-5 Style Package 

T 

Small Outline (SOIC) Plastic 

M 



Extra Value Screening 

Linear product with extra value screening has an X added to 
the standard type number in the price list, and is also 
branded as such. A white dot will indicate location of Pin 1. 

Example: 

A CA3080E with Extra Value screening is designated 
CA3080EX in the price list. It is branded CA3080EX plus a 
white dot at pin number 1. 

Tape and Reel for Small Outline Packages 

With the introduction of small outline packages, Harris now 
offers its customers the convenient tape and reel style 
packaging. Small outline devices, which can be tape and 
reeled, are denoted wtih the suffix “M96” or “AM96” In the 
linear and high speed logic product lines. Devices must be 
ordered In multiples of quantities listed below. Any returns 
must be full and unopened reels. 


LEAD 

COUNT 

TAPE WIDTH 
(mm) 

REEL SIZE 
(INCHES) 

DEVICES 
PER REEL 

8 

12 

13 

2500 

14 

16 

13 

2500 

16 

16 

13 

2500 

24 

24 

13 

1000 


r SAMPLE > 
PARAMETRIC 
AND FUNCTIONAL 
TESTS AT+25®C 
V AQL = 0.025% J 


ENHANCED 

PRODUCT 


l~l PRODUCTION STATE OR PROCESS 
o QUAUTY ASSURANCE STEP 
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SEMICONDUCTOR 


March 1993 


Features 


CA124, CA224, CA324 
LM324*, LM2902* 

Quad Operational Amplifiers for 
Commercial, Industrial, and Military Applications 


Description 


• Operation from Single or Dual Supplies 

« Unity-Gain Bandwidth.1MHz(Typ.) 

• DC Voltage Gain.100dB(Typ.) 

• Input Bias Current.45nA(Typ.) 

• Input Offset Voltage.2mV (Typ.) 

• Input Offset Current 

- CA224, CA324, LM324, LM2902.5nA (Typ.) 

- CA124.3nA(Typ.) 

• Replacement for Industry Types 124,224,324 

Appiications 

• Summing Amplifiers 

• Multivibrators 


The CA124, CA224, CA324, LM324, and LM2902 consist of 
four independent, high-gain operational amplifiers on a 
single monolithic substrate. An on-chip capacitor in each of 
the amplifiers provides frequency compensation for unity 
gain. These devices are designed specially to operate from 
either single or dual supplies, and the differential voltage 
range Is equal to the power-supply voltage. Low power drain 
and an Input common-mode voltage range from OV to V+ 
-1.5V (single-supply operation) make these devices suitable 
for battery operation. 

The CA124, CA224, CA324, LM324 and LM2902 are 
supplied in both 14-lead dual-in-line plastic (E suffix) and 
14-lead (150 mil) small outline (M suffix) packages. The 
CA324 Is available in chip form (H suffix). 



• Oscillators 

• Transducer Amplifiers 

• DC Gain Blocks 


Pinout 


CA124, CA224, CA324, LM324, LM2902 
(PDIP, SOIC) 

TOP VIEW 



* Technical Data on LM Branded types is identical to the corresponding CA Branded types. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA124, CA224, CA324, LM324, LM2902 


Absolute Maximum Ratings 

Operating Conditions 


Supply Voltage... 

.. .32V to ±16V Operating Temperature Range. 

.-55®Cto+125°C 

Differential Input Voltage. 


.-65®Cto+150®C 

Input Voltage. 

. -0.3Vto+32V 


Input Current (V| < -0.3V) (Note 1). 



Output Short Circuit Duration (V+ ^ 15V) (Note 2).. 

... Continuous 


Power Dissipation 



UptoTA-+55°C. 

. 750mW 


Above Ta = +55°C.Derate Linearly at 6.67mW/°C 


Junction Temperature. 

.+175°C 


Junction Temperature (Plastic Package). 

.+150°C 


Lead Temperature (Soldering 10 Sec.). 

.+300® 



Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) := SV, 
Unless Otherwise Specified 


CA124 LIMITS 


PARAMETERS 


Ta = +25°C 


Input Offset Voltage 


Output Voltage Swing 


Input Common Mode Voltage Range 


Input Offset Current 


Input Bias Current 


Output Current (Source) 


Output Current (Sink) 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Amplifier-to-Amplifier Coupling 


•A = -55°Cto+125°C 


Input Offset Voltage 


Temperature Coefficient of Input Offset 
Voltage 


Input Offset Current 


Temperature Coefficient of Input Offset 
Current 


Input Bias Current 


Total Supply Current 


Input Common Mode Voltage Range 


Large Signal Voltage Gain 


OUTPUT VOLTAGE SWING 


High Level 


TEST CONDITIONS 


(Note 5) 


RL = 2kn 


(Note 4), V+ = 30V 


l,+ .|,- 


li+ or l|-, (Note 3) 


V,+ = +1V, V,- = 0V,V+=15V 


V|+^0V,V,-=1V,V+ = 15V 


V,+ = OV, V,- = IV, Vo = 200mV 


Rl ^ 2ka V+ = 15V (For large Vq swing) 


DC 


DC 


f = 1 to 20kHz (Input referred) 


(Note 5) 


Rs = OQ 


l(+ or l(- 


Rl = oo On all amplifiers 


V+=:30V 


Rl ^ 2kO, V+ = 15V (For large Vq swing) 




RL = 2kO,V+=:30V 


RL=10kO 


Rl = lOkO 











































































































































Specifications CA124, CA224, CA324, LM324, LM2902 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V-i-) = 5V, 
Unless Otherwise Specified (Continued) 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

1 OUTPUT CURRENT 

Source 

•o 

V|+=1Vdc. V,- = 0, V+ = 15V 

Sink 

*0 

Vr = 1VDc.V,+ = 0, V+ = 15V 

Differential Input Voltage 


(Note 2) 


CA124 LIMITS 

MIN I TYP I MAX UNITS 



1. This input current will only exist when the voltage at any of the input leads is driven negative. This current is due to the collector base 
junction of the input p-n-p transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, 
there is also lateral n-p-n parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the amplifiers 
to go to the V+ voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This transistor action 
is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater 
than -0.3 Vdc- 

2. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc¬ 
tion of the device. 

3. Due to the p-n-p input stage the direction of the Input current Is out of the IC. No loading change exists on the input lines because the 
current is essentially constant, independent of the state of the output. 

4. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ -1.5V, but either or both Inputs can go to +32V without damage. 

5. Vq = 1 .4Vdc, Rs = OQ with V+ from 5V to 30V; and over the full Input common mode voltage range (OV to V+ -1.5V). 

Electrical Specifications values Apply for Each Operational Amplifier. Supply Voltage (V+) = 5V, 

Unless Otherwise Specified 


CA224, CA324 LIMITS 


PARAMETERS 


Ta = -i-25°C 


Input Offset Voltage 


Output Voltage Swing 


Input Common Mode Voltage Range 


Input Offset Current 


Input Bias Current 


Output Current (Source) 


Output Current (Sink) 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Amplifier-to-Amplifier Coupling 


TEST CONDITIONS 


(Note 3) 


RL = 2kQ 


(Note2),V+ = 30V 


l,+ -l,- 


li+ or l|-, (Note 1) 


V|+ = +1V, Vr = 0V, V+ = 15V 


V|+ = OV, V,- = 1V, V+ = 15V 


V,+ = OV, V,- = 1V, Vo = 200mV 


Rl ^ V+ = 15V (For large Vq swing) 


DC 


DC 


f = 1 to 20kHz (Input referred) 



A = -40°C to +85°C (CA224), T^ = 0°C to +70°C (CA324) 


Input Offset Voltage 


Temperature Coefficient of Input Offset 
Voltage 
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Specifications CM24, CA224, CA324, LM324, LM2902 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V-t-) = SV, 
Unless Otherwise Specified (Continued) 


CA224, CA324 LIMITS 


PARAMETERS 


Ta * -40°C to +85°C {CA224), T^ = 0°C to +70®C (CA324) (Continued) 


10 


TEST CONDITIONS 


Temperature Coefficient of input 
Offset Current 


input Bias Current 


Total Supply Current 


Input Common Mode Voltage Range 


Large Signal Voltage Gain 


OUTPUT VOLTAGE SWING 


High Level 


Low Level 


OUTPUT CURRENT 


Source 


Sink 


Differential Input Voltage 


NOTES: 

1. Due to the p-n-p input stage the direction of the input current is out of the iC. No loading change exists on the input lines because the 
current is essentially constant, independent of the state of the output. 

2. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ -1.5V, but either or both inputs can go to +32V without damage. 

3. Vo = 1 .4 Vqc, Rs = OQ with V+ from 5V to 30V; and over the full Input common mode voltage range (OV to V+ -1.5V). 



Ii+ or l|- 


Rl = oo On ail amplifiers 


V+ * 30V 


Rl ^ 2kQ, V+ = 15V (For large Vq swing) 


RL = 2ki2,V+ = 30V 


RL=10k£2 


Rl = lOkll 


V,+ =1Vdc,V,- = 0,V+ = 15V 


mmsmsssm 



10 

20 

5 

8 




Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = 5V, 
Unless Otherwise Specified 


PARAMETERS 


A = -40°Cto+85°C 


Input Offset Voltage 


Temperature Coefficient of Input Offset 
Voltage 


Input Offset Current 


Temperature Coefficient of Input Offset 
Current 


Input Bias Current 


Total Supply Current 


input Common Mode Voltage Range 


Large Signal Voltage Gain 



LM2902 LIMITS 


TEST CONDITIONS 




li+ or i|-, (Note 1) 


Rl = oo On all amplifiers 


Rl = oo,v+ = 26V 


V+ = 26V, (Note 2) 


Rl > 2kQ, V+ = 15V (For large Vq 
swing) 
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Specifications CA124, CA224, CA324, LM324, LM2902 


Electrical Specifications values Apply for Each Operational Amplifier. Supply Voltage (V+) = SV, 
Unless Otherwise Specified (Continued) 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

LM2902 LIMITS 

UNITS 

MIN 

TYP 

MAX 

OUTPUT VOLTAGE SWING 

High Level 


RL = 2kO.V+ = 26V 

22 

- 

- 

V 

Rl = lOkQ 

23 

28 

- 

V 

Low Level 

VoL 

Rl = lOkQ 

- 

5 

100 

mV 

OUTPUT CURRENT 

Source 

•o 

V|+=1Voc,Vr = 0, V+=15V 

10 

20 

- 

mA 

Sink 

•o 

Vr = 1VDc. V,+ = 0, V+=15V 

5 

8 

- 

mA 

Differential Input Voltage 


(Note 2) 

- 

- 

v+ 

V 


NOTES: 

1. Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists on the input lines because the 
current is essentially constant, independent of the state of the output. 

2. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ -1.5V, but either or both Inputs can go to +32V without damage. 

3. Vo = 1 .AVocf Rs = 0^ with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ -1.5V). 

















































INPUT CURRENT (nA) OUTPUT VOLTAGE SWING (V) ni INPUT CURRENT (nA) 


CA124, CA224, CA324, LM324, LM2902 


Typical Performance Curves 


60 
50 

40 

30 
20 
10 
0 

-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (^C) 

GURE 1. INPUT CURRENT vs AMBIENT TEMPERATURE 

20 


15 


10 


5 


0 

Ik 2 4 6 8|0k 2 4 6 8^00k * 4 6 8i|y| 

FREQUENCY (Hz) 

FIGURE 3. LARGE SIGNAL FREQUENCY RESPONSE 





0 10 20 30 40 

POSITIVE SUPPLY VOLTAGE (V) 

FIGURE 5. INPUT CURRENT vs SUPPLY VOLTAGE 



0 10 20 30 40 

POSITIVE SUPPLY VOLTAGE (V) 

FIGURE 6. VOLTAGE GAIN vs SUPPLY VOLTAGE 
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OPEN’LOOP VOLTAGE GAIN (dB) 


CA124, CA224, CA324, LM324, LM2902 


Typical Performance Curves (Continued) 


T*.-40sTaS+85®C 


0.1nF I QOv* 

^)Vi 


V+=10TO15V 



1 10 100 Ik 10k 

FREQUENCY (Hz) 

FIGURE 7. OPEN LOOP FREQUENCY RESPONSE 


FIGU RE 8. VOLTAGE FOLLOWER PULSE RESPONSE (SMALL 
SIGNAL) 




0 10 20 30 40 

TIME (hs) 

FIGURE 9. VOLTAGE FOLLOWER PULSE RESPONSE 
(LARGE SIGNAL) 
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SEMICONDUCTOR 


March 1993 


CA158, CA258 
CA358, CA2904 
LM358*, LM2904 

Dual Operational Amplifiers for Commerciai 
Industriai, and Military Applications 


Features 

• Internal Frequency Compensation for Unity Gain 

• High DC Voltage Gain.100dB(Typ.) 

• Wide Bandwidth at Unity Gain.1MHz(ryp.) 

• Wide Power Suppiy Range: 

- Singie Supply.3 to 30V 

- Dual Supplies.±1.5to±15V 

• Low Supply Current.1.5 mA (lyp.) 

• Low Input Bias Current 

• Low Input Offset Voltage and Current 

• Input Common-Mode Voltage Range Includes Ground 

• Differential Input Voltage Range Equal to V4- Range 

• Large Output Voltage Swing.0 to V-i- -1.5V 


Description 

The CA158, CA158A, CA258, CA258A, CA358, CA358A 
and CA2904 types consist of two independent, high gain, 
internally frequency compensated operational amplifiers 
which are designed specifically to operate from a single 
power supply over a wide range of voltages. They may also 
be operated from split power supplies. The supply current is 
basically independent of the supply voltage over the 
recommended voltage range. 

These devices are particularly useful in Interface circuits with 
digital systems and can be operated from the single 
common 5Vpc power supply. They are also intended for 
transducer amplifiers, DC gain blocks and many other 
conventional op amp circuits which can benefit from the 
single power supply capability. 

The CA158, CA158A, CA258, CA258A, CA358, CA358A, and 
CA2904 types are an equivalent to or a replacement for the 
industry types 158,158A, 258,258A, 358,358A, and CA2904. 

Ordering Information 


PART 

NUMBER 

SUFFIX 

LETTERS 

PACKAGE 

CA158, A 

E 

8 Lead Plastic DIP 

CA258, A 
CA358, A 
CA2904 

M 

8 Lead SOIC 

CA168, A 

T 

8 Pin TO-5 Can with 

CA258, A 


Standard Leads 

CA358, A 

S 

8 Pin TO-5 Can with 

Dual-ln-Line Formed Leads 



* Technical Data on LM Branded types is identical to the corresponding CA Branded types. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (Note 5) Operating Temperature Range.-55°C to +125°C 

CA2904. 26V or ±13V Storage Temperature Range.-65°C to +150°C 

Other Types.32Vor±16V 

Differential Input Voltage (All Types).32V 

Input Voltage.-0.3V to V+V 

Input Current (V| < -0.3V) (Note 5).50mA 

Output Short Circuit Duration (V+ 15V) (Note 6).Continuous 

Power Dissipation 

UptoTA = -55°C. 630mW 

Above T^ = -55°C.Derate Linearly at 6.67 mW/°C 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electricai Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified 


PARAMETERS 


Input Offset Voltage 


Output Voltage Swing 


Input Common Mode Voltage Range 


Input Offset Current 


Input Bias Current 


Output Current (Source) 


Output Current (Sink) 


Short Circuit Output Current 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Amplifier-to-Amplifier Coupling 


A = -55°Cto+125°C 


Input Offset Voltage 


Temperature Coefficient of Input 
Offset Voltage 


Input Offset Current 


Temperature Coefficient of Input 
Offset Current 


Input Bias Current 


Input Common Mode Voltage Range 



TEST CONDITIONS 


(Note 2), V+ = 30V 


li+ or l|-, (Note 1) 


V,+ = +1V,V,- = 0V.V+=15V 


V,+ = 0V,V,-=1V, V+=15V 


V,+ = OV, V,- = IV, Vo = 200mV 


Rl = OD (to Ground) (Note 4) 


CMRR DC 


PSRR DC 


f = 1 to 20kHz (Input referred) 


CA158A LIMITS 


Rl ^ 2kn, V+ = 15V (For large Vq swing) 


MAX 



V+=:30V(Note2) 
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Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V-i-) = 5V, 
Unless Otherwise Specified (Continued) 





CA158A LIMITS 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

I+ 

Rl = oo On all amplifiers 

- 

0.7 

1.2 

mA 



RL = oe, V+ = 30V 

- 

1.5 

3 

mA 


NOTES: 


1. Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 

2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ -1.5V, but either or both inputs can go to +32V without damage. 

3. Vq = 1.4Voci Rs = 0^ with V+ from 5V to 30V; and over the full Input common mode voltage range (OV to V+ -1.5V). 

4. The maximum output current Is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc¬ 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 

5. This input current will only exist when the voltage at any of the input leads Is driven negative. This current Is due to the collector base 
junction of the input p-n-p transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, 
there is also lateral n-p-n parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the amplifiers 
to go to the V+ voltage level (or to ground for a large overdrive) for the time duration that an Input Is driven negative. This transistor action 
is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater 
than -0.3VDC. 

6. The maximum output current Is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc¬ 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 


Electrical Specifications values Apply for Each Operational Amplifier, Supply Voltage (V+) =: 5V, 
Unless Otherwise Specified 


PARAMETERS 


Ta = +25°C 


Input Offset Voltage 


Output Voltage Swing 


Input Common Mode Voltage Range 


Input Offset Current 


Input Bias Current 


Output Current (Source) 


Output Current (Sink) 


Short Circuit Output Current 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Ampllfier-to-Amplifier Coupling 


A = -25°C to +85°C 


Input Offset Voltage 


Temperature Coefficient of Input Offset 
Voltage 


Input Offset Current 


CA258A LIMITS 


TEST CONDITIONS 


(Note 3) 


RL = 2kO 


(Note2),V+ = 30V 


li+ or l|-, (Note 1) 



V,+ = +1V, V,- = 0V, V+ = 15V 

20 

40 

V,+ = 0V, V,- = 1V, V+ = 15V 

10 

20 

V,+ = OV, V,- = IV, Vo = 200mV 

12 

50 

Rl = OQ (to Ground) (Note 4) 

- 

40 

Rl > 2kQ, V+ = 15V (For large Vq swing) 

50 

100 

DC 

70 

85 

DC 

65 

100 

f = 1 to 20kHz (Input referred) 

- 

-120 



















































































































Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 


PARAMETERS 


Temperature Coefficient of Input Offset 
Current 


Input Bias Current 


Input Common Mode Voltage Range 


Supply Current 




li+ or l|- 


V+ = 30V (Note 2) 


Rl = oo On ail amplifiers 


Rl = <«, V4. = 30V 


1. Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 

2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range Is V+ -1.5V, but either or both inputs can go to +32V without damage. 

3. Vq = 1 •4Vqc, Rs = OQ with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ -1.5V). 

4. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc¬ 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 

Electrical Specifications values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 

Unless Otherwise Specified 


CA358A LIMITS 


PARAMETERS 


Ta = +25°C 


Input Offset Voltage 


Output Voltage Swing 


Input Common Mode Voltage Range 


Input Offset Current 


Input Bias Current 


Output Current (Source) 


Output Current (Sink) 


Short Circuit Output Current 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Amplifier-to-Amplifier Coupling 


Ta = 0 to +70°C 


Input Offset Voltage 


Temperature Coefficient of Input Offset 
Voltage 


Input Offset Current 


Temperature Coefficient of Input Offset 
Current 


TEST CONDITIONS 


(Note 3) 


RL = 2kQ 


(Note 2), V+ = 30V 


li+ or l|-, (Note 1) 


V,+ = +1V, V,- = OV, V+ = 15V 


V,+ = 0V, V,-=1V,V4- = 15V 


V|+ = OV, V,- = 1V, Vo = 200mV 


Rl = OQ (to Ground) (Note 4) 


Rl ^ 2kO, V+ = 15V (For large Vq swing) 


DC 


DC 


f = 1 to 20kHz (Input referred) 




5 

mV 

20 

pV/°C 

75 

nA 

300 

pA/°C 
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Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 





CA358A LIMITS 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Bias Current 

l|B 

li+ or l|- 

- 

40 

200 

nA 

Input Common Mode Voltage Range 

V|CR 

V+ = 30V(Note2) 

0 

- 

V+-2 

■■ 

Supply Current 

1+ 

Rl = oo On all amplifiers 

- 

0.7 

1.2 

mA 



Rl = oo, V+ = 30V 

- 

1.5 

3 

mA 


NOTES: 

1. Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 

2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ -1.5V, but either or both inputs can go to +32V without damage. 

3. Vq = 1 .4Vdc, Rs = OQ with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ -1.5V). 

4. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc¬ 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both ampiifiers. 


Electrical Specifications values Apply for Each Operational Amplifier, Supply Voltage (V+) =: 5V, 
Unless Otherwise Specified 


PARAMETERS 


Ta = +25°C 


Input Offset Voltage 


Output Voltage Swing 


Input Common Mode Voltage Range 


Input Offset Current 


Input Bias Current 


Output Current (Source) 


Output Current (Sink) 


Short Circuit Output Current 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Amplifier-to-Amplifier Coupling 


A = -55°C to +125°C (CA158); Ta = -25 CA258) 


Input Offset Voltage 


Temperature Coefficient of input Offset 
Voltage 


Input Offset Current 


Temperature Coefficient of Input Offset 
Current 





































































































































Specifications CA1S8, CA158A, CA258, CA258A, CA3S8, CA358A, CA2904, LM358, LM2904 


Electrical Specifications values Apply for Each Operational Amplifier, Supply Voltage (V<t-) = 5V, 
Unless Otherwise Specified (Continued) 


PARAMETERS 


Input Bias Current 


Input Common Mode Voltage Range 


Supply Current 



TEST CONDITIONS 


li+ or l|- 


V+ = 30V(Note2) 


Rl = oo On all amplifiers 


Rl = oo,v+ = 30V 



NOTES: 

1. Due to the p<n-p input stage the direction of the input current is out of the iC. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 

2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ -1.5V, but either or both inputs can go to -i-32V without damage. 

3. Vo = 1.4Vocf Rs = OD with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ -1.5V). 

4. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc* 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 

Electrical Specifications values Apply for Each Operational Amplifier, Supply Voltage (V-f) = 5V, 

Unless Otherwise Specified 


CA358 LIMITS 


PARAMETERS 


Ta = +25°C 


Input Offset Voltage 


Output Voltage Swing 


input Common Mode Voltage Range 


Input Offset Current 


input Bias Current 


Output Current (Source) 


Output Current (Sink) 


Short Circuit Output Current 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Amplifier-to-Ampilfier Coupling 


= 0to+70°C 


Input Offset Voltage 


Temperature Coefficient of Input Offset 
Voltage 


input Offset Current 


Temperature Coefficient of Input Offset 
Current 


TEST CONDITIONS 



li+ or l|-, (Note 1) 


V,+ = +1V, V,- = OV, V+ = 15V 


V|+ = 0V,V,-=1V,V+:r 15V 


V|+ = OV, V,- = IV, Vo = 200mV 


Rl = OO (to Ground) (Note 4) 


Rl ^ 2kU V+ = 15V (For large V© swing) 


f = 1 to 20kHz (Input referred) 
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Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications values Apply for Each Operational Amplifier, Supply Voltage (V+) = SV, 
Unless Otherwise Specified (Continued) 


PARAMETERS 


Input Bias Current 


Input Common Mode Voltage Range 


Supply Current 



1. Due to the p-n-p Input stage the direction of the Input current is out of the IC. No loading change exists on the Input lines because this 
current is essentially constant, independent of the state of the output. 

2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ -1.5V, but either or both inputs can go to +32V without damage. 

3. Vo = 1 .4 Vdc. Rs = 0^^ with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ -1.5V). 

4. The maximum output current is approximately 40mA Independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc¬ 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 


Electrical Specifications values Apply for Each Operational Amplifier, Supply Voltage (V+)» 5V, 
Unless Otherwise Specified 


PARAMETERS 


Ta = +25°C 


Input Offset Voltage 


Output Voltage Swing 


Input Common Mode Voltage Range 


Input Offset Current 


Input Bias Current 


Output Current (Source) 


Output Current (Sink) 


Short Circuit Output Current 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Amplifier-to-Ampllfier Coupling 


TA = -40°Cto +85®C 


Input Offset Voltage 


Temperature Coefficient of Input Offset 
Voltage 


Input Offset Current 


Temperature Coefficient of Input Offset 
Current 


Input Bias Current 
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Specifications CA158, CA158A, CA2S8, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 


PARAMETERS 

SYMBOL 

Input Common Mode Voltage Range 

V|CR 

Supply Current 

1+ 


TEST CONDITIONS 


V+ = 30V (Note 2) 


Rl = oo On ail amplifiers 


Rl = «>. V+ = 30V 



CA2904 LIMITS 

TYP I MAX UNITS 


V+-2 


0.7 1.2 


1.5 3 


1. Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 

2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ -1.5V, but either or both inputs can go to +32V without damage. 

3. Vq = 1 .4Vqc, Rs = OD with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ -1.5V). 

4. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc¬ 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Typical Performance Curves 



0 5 10 15 20 

SUPPLY VOLTAGE (V) 

FIGURE 1. INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 


V|CR 

bOV 
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-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (®C) 

FIGURE 2. INPUT CURRENT vs AMBIENT TEMPERATURE 



0 5 10 15 20 25 30 

POSITIVE SUPPLY VOLTAGE (V) 

FIGURE 3. SUPPLY CURRENT DRAIN VS SUPPLY VOLTAGE 


100 IK 10K 100K 1M 

INPUT FREQUENCY (Hz) 

FIGURE 4. COMMON MODE REJECTION RATIO vs INPUT 
FREQUENCY 



0 10 20 30 40 

POSITIVE SUPPLY VOLTAGE (V) 

FIGURE 5. VOLTAGE GAIN vs SUPPLY VOLTAGE 



V-i.«10TO15V 


Ta = -40^Ta:S»85<>C 


1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

FIGURE 6. OPEN-LOOP FREQUENCY RESPONSE 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Typical Performance Curves (continued) 


Ta a +25®C 
V-f a 15V 
Ri s2ka 


Ta a +25®C 
V-t- a 30V 





■■ 

■ 

■ 

■ 

■ 

IRBH 

mmm 

■ 

■ 

■ 


TIME (hs) 

: 7. VOLTAGE FOLLOWER PULSE RESPONSE (LARGE 
SIGNAL) 


TAa+25®C 


lOOkn 

I—-1 

1kfl ^9+15V 



2 4 6 8inir 2 4 


FREQUENCY (Hz) 

FIGURE 9. LARGE-SIGNAL FREQUENCY RESPONSE 


FIGURE 8. VOLTAGE FOLLOWER PULSE RESPONSE (SMALL 
SIGNAL) 



0 10 20 30 40 

POSITIVE SUPPLY VOLTAGE (V) 

FIGURE 10. INPUT CURRENT vs SUPPLY VOLTAGE 
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FIGURE 11. OUTPUT SOURCE CURRENT CHARACTERISTICS 
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OUTPUT SINK CURRENT (mA) 

FIGURE 12. OUTPUT SINK CURRENT CHARACTERISTICS 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Typical Performance Curves (Continued) 



AMBIENT TEMPERATURE (^’C) 

FIGURE 13. OUTPUT CURRENT vs AMBIENT TEMPERATURE 


Metallization Mask Layout 



Dimensions in parentheses are in millimeters and derived 
from the basic inch dimensions as indicated. Grid gradua¬ 
tions are in mils (10*® Inch). 

The photographs and dimensions represent a chip when It 
is part of the wafer. When the wafer is cut into chips, the 
cleavage angles are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is actually 7 
mils (0.17mm) larger in both dimensions. 















SEMICONDUCTOR 


March 1993 


CA741, CA1458, 
CA1558, LM741*, 
LM1458*, LM1558* 

High Gain Single and Dual Operational Amplifiers 
for Military, Industrial and Commercial Applications 


Features 

• Input Bias Current (All Types) SOOnA (Max.) 

• Input Offset Current (All Types) 200nA (Max.) 

Applications 

• Comparator • Multivibrator 

• DC Amplifier • Summing Am( 

• Integrator or Differentiator • Narrow Band 


Multivibrator 
Summing Amplifier 

Narrow Band or Band 
Pass Filter 


Ordering Information 


PART NUMBER TEMP. RANGE _ PACKAGE 

CA741E _ -55°C to -t-125°C 8 Lead Plastic DIP 

CA741CE _ 0°C to +70°C 8 Lead Plastic DIP 

CA1458E _ 0°C to +70°C 8 Lead Plastic DIP 

CA1558E _ -55°C to +125^C 8 Lead Plastic DIP 

CA741T _ ■55°Cto+125°C 8 Pin Can _ 

CA741CT _ 0°C to +70°C 8 Pin Can _ 

CA1458T _ 0°C to +70°C 8 Pin Can _ 

CA1558T _ ■55°C to +125°C 8 Pin Can ~ 

NOTE: All types In any package style can be operated over the tem¬ 
perature range of -55°C to +125°C, although the published limits for 
certain electrical specifications apply only over the temperature 
range of 0°C to +70°C. 


Description 

The CA1458, CA1558 (dual types): CA741C. CA741 (single 
types); high-gain operational amplifiers for use in military, 
Industrial, and commercial applications. 

These monolithic silicon integrated circuit devices provide 
output short circuit protection and latch-free operation. 
These types also feature wide common mode and differen¬ 
tial mode signal ranges and have low offset voltage nulling 
capability when used with an appropriately valued 
potentiometer. A 10ki2 potentiometer is used for offset 
nulling types CA741C, CA741 (See Figure 4); and types 
CA1458, CA1558, have no specific terminals for offset 
nulling. Each type consists of a differential input amplifier 
that effectively drives a gain and level shifting stage having a 
complementary emitter follower output. 

The manufacturing process make It possible to produce 1C 
operational amplifiers with low burst (“popcorn”) noise 
characteristics. The CA741 gives limit specifications for 
burst noise in the data bulletin. File Number 530. Contact 
your Sales Representative for Information pertinent to other 
operational amplifier types that meet low burst noise 
specifications. 




• Technical Data on LM Branded types is identical to the corresponding CA Branded types. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 2-37 
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Specifications CA741, CA741C, CA1458. CA1558, LM741, LM741C, Li\/i1458, LM1558 


Storage Temperature Range... 
Operating Temperature Range 

CA741,CA1558. 

CA741C.CA1458 . 


.-65®Cto+150®C 


.-55°Cto+125°C 

0°C to +70°C (Note 4) 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (Between V+ and V- Terminals) Storage Temperature Range.-65®C to +150®C 

CA741C, CA1458 (Note 3).36V Operating Temperature Range 

CA741, CA1558 (Note 3).44V CA741, CA1558.-55°C to +125°C 

Differential Input Voltage.30V CA741C. CA1458 . 0°C to +70°C (Note 4) 

Input Voltage (Note 2).±15V 

Offset Terminal to V- Terminal Voltage (CA741C, CA741) ... .±0.5V 

Output Short Circuit Duration.Indefinite 

Power Dissipation 

Up to +70°C (CA741C). 500mW 

Up to +75°C (CA741). 500mW 

Up to +30°C (CA1558). 680mW 

Up to +25°C (CA1458). 680mW 

For Temperatures exceeding 

those indicated above.Derate Linearly 6.67mW/°C 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed In “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operationai sections of this specification is not implied. 


Eiectrical Specifications Typical values intended Only for Design Guidance, V± - ±15V 


PARAMETERS 


Input Capacitance 


Offset Voltage Adjustment Range 


Output Resistance 


Output Short Circuit Current 


Transient Response 


Slew Rate (Closed Loop) 



TEST CONDITIONS 


Unity Gain, V, = 20mV, Rl = 2kO, 
Cl^IOOpF 


TYPICAL VALUE 
(ALL TYPES) 



SR Rl ^ 2kQ 


Electrical Specifications For Equipment Design, V± = ±15V 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Input Resistance 


Open Loop Differential Voltage 
Gain 


Common Mode Input Voltage 
Range 


Common Mode Rejection Ratio 


Supply Voltage Rejection Ratio 
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Specifications CA741C, CA741, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 


Electrical Specifications For Equipment Design, V± ±15V (Continued) 


PARAMETERS 


Output Voitage Swing 


TEST 

SYMBOL CONDITIONS TEMPERATURE 



RL^IOkD 


Rl ^ 2kO 


Supply Current 


Device Dissipation 


NOTE: 1. Values Apply for Each Section of the Dual Amplifiers 


+25°C 


+25°C 


0°C to +70°C 


+25°C 


+25°C 


LIMITS 


CA741C, CA1458 (NOTE 1) 



Eiectricai Specifications For Equipment Design, V± = ±15V 


PARAMETERS 


Input Offset Voltage 


LIMITS 


CA741,CA1558 (NOTE 1) 


input Offset Current 


input Bias Current 


Input Resistance 


Open Loop Differential Voltage 
Gain 


Common Mode Input Voitage 
Range 


Common Mode Rejection Ratio 


Supply Voitage Rejection Ratio 


Output Voltage Swing 


Supply Current 


Device Dissipation 



Rl ^ 2kQ, 
Vo = ±10V 


Rs^lOkn 


Rs<10ki2 


Rl^ 10kO 


Rl ^ 2kD 






+25°C 


-55®C to +125°C 


-55°C to +125°C 


-55°C to +125°C 


-55°C to +125°C 


-55®C to +125®C 


-55°C to +125°C 


+25°C 


-55°C 


+125°C 


+25°C 


-55°C 


+125°C 


1. Values Apply for Each Section of the Dual Amplifiers 

2. If supply voltage is less than ±15V, the Absolute Maximum input Voitage is equal to the Supply Voltage 

3. Voitage values apply for each of the dual operational amplifiers 

4. All types In any package style can be operated over the temperature range of -55®C to +125°C, although the published limits f 
electrical specification apply only over the temperature range of 0°C to +70°C 


mV 


mV 


nA 


nA 


nA 


nA 


nA 


nA 


MD 


V/V 


VA/ 
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CA741C, CA741, CA1458, CA1558. LM741, LM741C, LM1458. LM1558 


Schematic Diagram 

CA741C, CA741 AND FOR EACH AMPURER OF THE CA1458 AND CA1558 



* See Functional Diagram for Terminal Numbers of Respective Type Numbers. 
NOTE: All Resistance Values are In Q 











COMMON MODE INPUT RANGE (V) 


CA741C, CA741, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 


Typical Performance Curves 


Ta* 

4-25®C 



























40 -1-1- 

Ta s +25®C 
35 . RL2:2kQ 


DC SUPPLY (V+, V-) 

FIGU RE 1. COMMON MODE INPUT VOLTAGE RANGE VS SUPPLY 
VOLTAGE FOR ALL TYPES 


DC SUPPLY (V+, V-) 

FIGURE 2. OUTPUT VOLTAGE VS SUPPLY VOLTAGE FOR 
ALL TYPES 


DC SUPPLY VOLTS (V+ a 15, V- » -15) 
Ta*+25®C, Cl«100pF 



-^ 10 % - 

tf RISE TIME 

0 I f— I u_-J-L_Jj l—J L-_J 

-0.5 0 -0.5 1.0 1.5 2.0 2.5 3.0 

TIME (ps) 

FIGURE 3. OUTPUT VOLTAGE vs TRANSIENT RESPONSE TIME FOR CA741C AND CA741 


INVERTING 

INPUT 


NON-INVERTING 

INPUT 


OFFSET V ' 
NULL T 



FIGURE 4. OFFSET VOLTAGE NULL CIRCUIT FOR CA741C 
AND CA741 


FIGURE 5. TRANSIENT RESPONSE TEST CIRCUIT FOR ALL 
TYPES 
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CA741C, CA741, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 


Metallization Mask Layout 

CA741CH 


0 10 20 30 40 50 60 64 



CA1458H 


0 10 20 30 40 50 60 70 80 90 1001 



NOTE: Dimensions in parentheses are in miiiimeters and are de¬ 
rived from the basic inch dimensions as indicated. Grid grad¬ 
uations are in miis (10*® inch) 
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CA3020 


March 1993 


Features 


Multipurpose Wide-Band Power Amps Military, Industrial 
and Commercial Equipment at Frequency Up to 8MHz 


• High Power Output Class B Amplifier 

- CA3020 .0.5W Typ. at Vcc = +9V 

- CA3020A.1.0WfVp.atVcc+12V 

• Wide Frequency Range ... Up to 8MHz With Resistive Loads 

• High Power Gain.75dBTyp. 

• Single Power Supply For Class B Operation With Transformer 

- CA3020 . 3V to 9V 

- CA3020A.3V to 12V 

• Built-In Temperature-Tracking Voltage Regulator Provides 
Stable Operation Over -55^C to 4-125^C Temperature Range 

Applications 

• AF Power Amplifiers For Portable and Rxed Sound and Commu¬ 
nications Systems 

• Servo-Control Amplifiers 

• Wide-Band Linear Mixers 

• Video Power Amplifiers 

• Transmission-Line Driver Amplifiers (Balanced and Unbalanced) 

• Fan-in and Fan-Out Amplifiers For Computer Logic Circuits 

• Lamp-Control Amplifiers 

• Motor-Control Amplifiers 

• Power Multivibrators 

• Power Switches 

• Companion Application Note, AN-5766, “Application of 
CA3020 and CA3020A Integrated Circuit Multipurpose Wide- 
Band Power Amplifiers” 


Description 

The CA3020 and CA3020A are integrated-circuit, multi¬ 
stage, multipurpose, wide-band power amplifiers on a single 
monolithic silicon chip. They employ a highly versatile and 
stable direct coupled circuit configuration featuring wide 
frequency range, high voltage and power gain, and high 
power output. These features plus inherent stability over a 
wide temperature range make the CA3020 and CA3020A 
extremely useful for a wide variety of applications in military, 
industrial, and commercial equipment. 

The CA3020 and CA3020A are particularly suited for service 
as class B power amplifiers. The CA3020A can provide a 
maximum power output of 1W from a 12VDC supply with a 
typical power gain of 75dB. The CA3020 provides 0.5W 
power output from a 9V supply with the same power gain. 

These types are supplied in hermetically sealed TO-5 style 12 
lead packages. 

Ordering Information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA3020 -55°C to +125®C 12 Pin Can 

CA3020A -55°C to +125°C 12 Pin Can 



CsJ 


Pinout 


Schematic Diagram 


CA3020, CA3020A 
(CAN) 

TOP VIEW 


BUFFER AMP ^ 

ourffl 

ACDIFFIN m 
AC0.PF(^ 
OUTPUT 





The resistance values included on the schematic diagram have been supplied as a convenience to assist 
Equipment Manufacturers in optimizing the selection of ‘outboard” components of equipment designs. 
The values shown may vary as much as 30%. 

Harris reserves the right to make any changes in the Resistance Values provided such changes do not 
adversely affect the published performance characteristics of the device. 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 - .- 
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Specifications CA3020, CA3020A 


Absolute Maximum Ratings Operating Conditions 

Power Dissipation Operating Temperature Range.-55°C to +125°C 

Without Heat Sink Storage Operating Range.-65°C to +150°C 

AtTA = +25°C. 1W 

Above \ = +25°C.Derate Linearly 6.7mW/®C 

With Heat Sink 

AtTc = +25°C.2W 

At Tc = +25®C to Tc = +55°C.2W 

Above Tc = +55°C.Derate Linearly 16.7 mW/°C 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package). +150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this ^ecification is not implied. 


Maximum Voltage Ratings t^ = + 25 °c 

The following chart gives the range of voltages which can be applied to the terminals listed vertically with respect 
to the terminals listed horizontally. For example, the voltage range of the vertical Terminal 1 with respect to 
Terminal 12 Is OV to +10V. 




B 
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10 

11 

12 

Note 4 

Note 5 
0 

-10/-12 

+3 

Note 1 

Note 4 

+10 

0 

Note 4 

Note 4 

Note 4 

Note 4 

+2 

-2 

Note 4 

Note 4 

Note 4 

Note 4 

+2 

-2 

Note 4 

Note 4 

Note 4 

Note 4 

Notes 
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0 

Note 4 

Note 4 

Note 4 

Note 4 

+3 

Note 2 

Note 4 

Note 4 

Note 4 

Note 4 

+3 

Note 2 

Note 4 

Note 4 

Note 4 

Note 4 

Notes 

+ia/+2S 

0 


Note 3 

Note 4 

Note 4 

Note 3 

0 



+10 

0 

Note 1 

0 

+icy+i2 

0 


Note 4 

+10 

0 



Maximum 
Current Ratings 


1. This voltage is established by the maximum current rating. 

2. The emitters of 06 and 07 may be returned to a negative voltage supply through emitter resistors. Current into terminal No. 9 should not 
be exceeded and the total device dissipation should not be exceeded. 

3. Terminal No. 8 may be connected to terminals No. 9,11, or 12. 

4. Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be safe if the specified limits 
between all other terminals are not exceeded. 

5. Higher value is for CA3020A. 
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Specifications CA3020, CA3020A 


Electrical Specifications = + 25 °c 












































































































































































Specifications CA3020, CA3020A 


Typical Performance Data (Note 1) A heat sink is recommended for high ambient temperature operation. 


PARAMETERS 


Power Supply Voltage 


Zero Signal Current 


Maximum Signal Current 


Differential Amplifier 
Output Amplifier 


Differential Amplifier 
Output Amplifier 



Maximum Power Output at THD = 10% 


Sensitivity 


Power Gain 


Input Resistance 


Efficiency 


Signai-to-Noise Ratio 


THD at 150mW Level 


Test Signal Frequency from 600n Generator 


Equivalent Collector-to-Coiiector Load Resistance 


NOTE: 

1. Refer to Figures 7 through 11 for measurement and symbol Information. 



CA3020 

CA3020A 

CO 

b 

9.0 

9.0 

12.0 

15 

15 

24 

24 

16 

16.6 

125 

140 

550 

1000 

35 

45 

75 

75 

55 

55 

45 

55 

70 

66 

3.1 

3.3 

1000 

1000 

130 

200 


Vcc 

""^^lOmA 


.10mA Q) 


CA3020 ^4^Vbr(CER) 

CA3020A^^ Q7 I 

VeRtCER) 


o~AAAr ) | * ^ 

•in S^F 

y 6V 


CA3020 ^ 
CA3020A 




5.1 K< 0.01 ; 

1 


(a) COLLECTOR-TO-EMITTER BREAKDOWN VOLTAGE 
(Q6 AND 07} CIRCUIT 


(b) TYPICAL AUDIO AMPLIFIER CIRCUIT UTILIZING THE 
CA3020 OR CA3020A AS AN AUDIO PREAMPLIFIER AND 
CLASS B POWER AMPLIFIER 
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CA3020, CA3020A 



-25 

75 50 25 

U "ON” 


25 50 75 

-25 

I 7 “ON” 


(a) TEST SETUP 


DIFFERENTIAL AMPURER INPUT, V 23 (mV) 
(b) CHARACTERISTIC WITH Rio IN CIRCUIT 




CA3020A^ 





FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS 


(MAX. I 7 CURRENT 
WITH PIN 2 
RETURNED TO GND 
THROUGH lOkO) 


(MAX. I 4 CURRENT 
WITH PIN 3 
RETURNED TO GND 
THROUGH lOkn) 



(a) TEST SETUP 


0 12 3 4 

POWER AMPLIFIER COLLECTOR VOLTAGE, V 4 , V 7 (V) 

(b) CHARACTERISTIC 


FIGURE 4. “MINIMUM DRIVE” TYPICAL CURRENT-VOLTAGE SATURATION CURVE 
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CA3020, CA3020A 




DIFFERENTIAL AMPUFIER SUPPLY VOLTAGE (V) 


(a) TEST SETUP (b) DIFFERENTIAL AMPLIFIER CHARACTERISTICS 



2 4 6 8 10 


DIFFERENTIAL AMPUFIER SUPPLY VOLTAGE (V) 

(C) OUTPUT AMPLIFIER CHARACTERISTICS 

FIGURE 5. ZERO SIGNAL AMPLIFIER CURRENT vs DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE 




-50 -25 0 25 50 75 100 125 150 

TEMPERATURE {®C) 

(a) TEST SETUP (b) DIFFERENTIAL AMPLIFIER CHARACTERISTICS 

FIGURE 6. ZERO SIGNAL AMPLIFIER CURRENT vs AMBIENT TEMPERATURE 







CA3020, CA3020A 




CURRENTS OR 
VOLTAGES 

SI 

S2 

U-IDLE 

OPEN 

OPEN 

I 7 -IDLE 

OPEN 

OPEN 

I 4 -PEAK 

OPEN 

CLOSE 

I 7 -PEAK 

CLOSE 

OPEN 

I 4 -CUTOFF 

CLOSE 

OPEN 

I 7 -CUTOFF 

OPEN 

CLOSE 


OPEN 

OPEN 

OPEN 

OPEN 

OPEN 

OPEN 

OPEN 

OPEN 


OPEN OPEN 


FIGURE 7. STATIC CURRENT AND VOLTAGE TEST CIRCUIT 
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CA3020, CA3020A 


+Vcci +Vcc2 



PROCEDURES: 

1. Apply desired value of Vcci and Vcc 2 

2. Apply 1kHz Input signal and adjust for eiN = 5mV (rms) 

3. Record the resulting value of eouT in dB (reference value) 

4. Vary input-signal frequency, keeping e|f^ constant at 5mV, 
and record frequencies above and below 1kHz at which 
®ouT decreases 3dB below reference value 

5. Record bandwidth as frequency range between -3dB 
points 


FIGURE 8. MEASUREMENT OF BANDWIDTH AT -3dB POINTS 


+Vcci 


+VcC2 



*T: PUSH-PULL OUTPUT TRANSFORMER; 
LOAD RESISTANCE (Rl) SHOULD BE 
SELECTED TO PROVIDE INDICATED 
COLLECTOR-TO-COLLECTOR LOAD 
IMPEDANCE (Rcc) 


PROCEDURES: 

Zero-Signal DC Current Drain 

1. Apply desired value of Vqq^ and Vqc 2 and reduce ei^ to OV 

2. Record resulting values of lcci and Icc 2 in mA as Zero- 
Signal DC Current Drain 

Maximum-Signal DC Current Drain, Maximum Power Output, 

Circuit Efficiency, Sensitivity, and Transducer Power Gain 

1. Apply desired value of Vcci and Vcc 2 and adjust eiN to 
the value at which the Total Harmonic Distortion in the 
output of the amplifier = 10% 

2. Record resulting value of lcci and Icc 2 in mA as Maximum 
Signal DC Current Drain 

3. Determine resulting amplifier power output in watts and 
record as Maximum Power Output (Pqut) 

4. Calculate Circuit Efficiency (ti) in % as follows: 

Pr 

Ti = lOOr 


^OUT 


^CCI^CCI ■^^002*002 

where Pqut is in watts, Vcci and Vcc 2 are in volts, and 
lcci and Icc 2 are In amperes. 

5. Record value of eiN In mV (rms) required in Step 1 as Sen- 
sitivity (eiN) 

6. Calculate Transducer Power Gain (Gp) in dB as follows: 

Pr 


Gp = lOlogio 


OUT 

^IN 


where P||yj (in mW) = 


®IN^ 


3000+ R,, 


IN(10)** 

**See Figure 10 for definition of R|n(io) 

FIGURE 9. MEASUREMENTS OF ZERO-SIGNAL DC CURRENT DRAIN, MAXIMUM-SIGNAL DC CURRENT DRAIN, MAXIMUM 
POWER OUTPUT, CIRCUIT EFFICIENCY, SENSITIVITY, AND TRANSDUCER POWER GAIN 








CA3020, CA3020A 


+Vcci +VcC2 



PROCEDURES: 

Input Resistance Terminal 10 to Ground (R|nio) 

1. Apply desired value of Vcci and Vcc 2 and set S in Position 1 

2 . Adjust 1>kHz input for desired signal level of measurement 

3. Adjust R for 62 = ei /2 

4. Record resulting value of R as Rinio 
I nput Resistance Terminal 3 to Ground (Rins) 

1 . Apply desired value of Vcci and Vcc 2 set S in Position 2 

2 . Adjust l-kHz input for desired signal level of measurement 

3. Adjust R for 02 = ei/2 

4. Record resulting value of R as R|N 3 


FIGURE 10. MEASUREMENT OF INPUT RESISTANCE 



*T: PUSH-PULL OUTPUT TRANSFORMER; 
LOAD RESISTANCE (RJ SHOULD BE 
SELECTED TO PROVIDE INDICATED 
COLLECTOR-TO-COLLECTOR LOAD 
IMPEDANCE (Rcc) 


DISTORTION 
ANALYZER 
HEWLETT- 
PACKARD 
TYPE 302A 
OR 

EQUIVALENT 


BAND-PASS 

FILTER: 

50Hz 

TO 

15kHz 


RMS 

VOLTMETER 
BALLANTINE- 
MODEL 320 
OR 

EQUIVALENT 


PROCEDURES: 

Signal-to-Noise Ratio 

1 . Close Si and S 3 ; open $2 

2. Apply desired values of Vcci and Vcc 2 

3. Adjust eiN for an amplifier output of 150mW and resulting 
value of ^UT *n dB as eouTi (reference value) 

4. Open Si and record resulting value of eouT as eouT 2 

5 . Signal-to-Noise Ratio (S/N) = 20log4Q 

®OUT2 


Total Harmonic Distortion 

1. Close SI and S2; open S3 

2. Apply desired values of Vcci and Vcc 2 

3. Adjust eir^ for desired level amplifier output power 

4. Record Total Harmonic Distortion (THD) In % 


FIGURE 11. MEASUREMENT OF SIGNAL-TO-NOiSE RATIO AND TOTAL HARMONIC DISTORTION 
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SEMICONDUCTOR 


CA3060 


March 1993 


Operational Transconductance 
Amplifier Arrays 


Features 

• Low Power Consumption as Low as lOOmW 
Per Amplifier 

• Independent Biasing for Each Ampiifier 

• High Forward Transconductance 

• Programmabie Range of Input Characteristics 

• Low Input Bias and input Offset Current 

• High Input and Output Impedance 

• No Effect on Device Under Output Short-Circuit 
Conditions 

• Zener Diode Bias Reguiator 

Applications 

• For Low Power Conventionai Operational 
Ampiifier Appiications 

• Active Fiiters 

• Comparators 

• Gyrators 

• Mixers 

• Moduiators 

• Muitipiexers 

• Muitipiiers 

• Strobing and Gating Functions 

• Sampie and Hoid Functions 


Description 

The CA3060 monolithic integrated circuit consists of an array of three 
independent Operational Transconductance Amplifiers.* This type of 
ampiifier has the generic characteristics of an operational voltage 
amplifier with the exception that the forward gain characteristic is best 
described by transconductance rather than voltage gain (open-loop 
voltage gain is the product of the transconductance and the load 
resistance, gm^L)- When operated into a suitable load resistor and 
with provisions for feedback, these amplifiers are well suited for a 
wide variety of operational-amplifier and related applications. In 
addition, the extremely high output impedance makes these types 
particularly well suited for service in active fiiters. 

The three amplifiers in the CA3060 are Identical push-pull Class A 
types which can be independently biased to achieve a wide range of 
characteristics for specific application. The electrical characteristics of 
each amplifier are a function of the amplifier bias current (Iabc)- 
feature offers the system designer maximum flexibility with regard to 
output current capability, power consumption, slew rate, input resis¬ 
tance, input bias current, and input offset current. The linear variation 
of the parameters with respect to bias and the ability to maintain a 
constant dc level between input and output of each ampiifier also 
makes the CA3060 suitable for a variety of nonlinear applications 
such as mixers, muitipiiers, and modulators. 

In addition, the CA3060 incorporates a unique Zener diode reguiator 
system that permits current regulation below supply voltages normally 
associated with such systems. 

* Generic appiications of the OTA are described in AN-6668. For improved in¬ 
put operating ranges, refer to CA3080 and CA3280 data bulletins (File Nos. 
475 and 1174) and application notes AN-6668 and AN-6818. 


Pinout 


REGULATOR OUT 
REGULATOR IN 


INV. INPUT NO. 3 
NON-INV. INPUT NO. 3 


OUTPUT NO. 3 


Ordering information 


CA3060 
(PDIF) 
TOP VIEW 



PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

CA3060E 

-40®C to +85°C 

16 Lead Plastic DIP 


OUTPUT N0.1 


NON-INV. INPUT NO. 1 
INV. INPUT NO. 1 


INV. INPUT NO. 2 
NON-INV. INPUT NO. 2 


OUTPUT NO. 2 


CAUTiON: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 - 


File Number 537.2 












Specifications CA3060 


.-65®Cto+150®C 

..-40°CtO+85°C 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (Between V+ and V- Terminals).36V (±18V) Storage Temperature Range.-65®C to +150®C 

Input Voltage.V+ to V- Operating Temperature Range.-40®C to +85°C 

Differential Input Voltage (each amplifier).5V 

Input Current (each amplifier).±1mA 

Amplifier Bias Current (each amplifier).2mA 

Bias Regulator Input Current.-5mA 

Output Short Circuit Duration (Note 3).Indefinite 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectricai Specifications Ta = +26®c, v+ = 1 5 V, v- = - 15 V 


LIMITS 


AMPLIFIER BIAS CURRENT 


ABC ® 1 


^ABC “ ^ 00|iA 


PARAMETERS 


Input Offset Voltage 
(See Figure 1) 


Input Offset Current 
(See Figure 2) 


Input Bias Current 
(See Figures 3,4) 


Peak Output Current 
(See Figures 5, 6) 


Peak Output Voltage 
(See Figure 7) 

Positive 


Negative 


Amplifier Supply Current (each 
amplifier) 

(See Figures 8,9) 


Power Consumption 
(each amplifier) 


Input Offset Voltage Sensitivity 
(Note 1) 

Positive 


Negative 


Amplifier Bias Voltage 
(Note 2, See Figure 10) 


DYNAMIC CHARACTERISTICS (At 1kHz, Unless Specified aherwise) 


Forward Transconductance g21 
(large signal) 

(See Figures 11,12) 


Common Mode Rejection Ra¬ 
tio 


Common Mode Input Voltage 
Range 


DYNAMIC CHARACTERISTICS (At 1kHz, Unless Specified Otherwise) Continued 


Slew Rate (test circuit) 
(See Figure 17) 


Open Loop (g 2 i) Bandwidth 
(See Figure 13) 





30 

102 

70 

90 

+12 to 
-12 

+13 to 
-14 
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Specifications CA3060 


Electrical Specifications = + 25 °c, v+ = 15V, v- = -isv (Continued) 


LiMrrs 


AMPLIFIER BIAS CURRENT 


Iabc = 




PARAMETERS SYMBOL 


input impedance Components 
Resistance (See Figure 14) 


Capacitance at 1MHz 


Output impedance Components 
Resistance (See Figure 15) 


Capacitance at 1MHz 


ZENER BiAS REGULATOR CHARACTERiSTiCS (At Ta = +25°C, = 0.1mA) 


Voitage (See Figure 16) Vz I Temperature Coefficient = I 6.2 



200 300 


I 3mV/®C 


impedance Zz 


NOTES: 

1. Conditions for input Offset Voitage Sensitivity 

a. Bias current derived from the reguiator with an appropriate resistor connected from Terminai 1 to the bias terminal on the amplifier 
under test V+ is reduced to +13V for V+ sensitivity and V- is reduced to -13V for V- sensitivity. 

/ ''offset" ''offset ^ -'®'' 

b. V+Sensitivity In pV/V = -- , 


, ''offset - ''offset Supplies 

V- Sensitivity in pV/V = -- 

2. Temperature Coefficient; -2.2mV/°C (at Vabc = 0.54, Iabc = IpA); -2.1mV/®C (at Vabc = 0.060V, Iabc = lOpA); -1.9mV/°C (at Vabc = 0.66V, 
Use ^ OOpA) 

3. Short circuit may be applied to ground or to either supply 
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Typical Performance Curves 



Ta = +25®C 
: SUPPLY VOLTAGE: 
V+ s 6V, V- = -6V 
V+xr15V,V- = -15V 


AMPLIRER BIAS CURRENT (^A) 

FIGURE 1. INPUT OFFSET VOLTAGE vs AMPLIFIER BIAS 
CURRENT 


SBSSSBBSSSiaSIiBSS 

mBm 

BK&BSi&iiBBBii 
SillSfllllBBIII 
ISiBBIUBBUI 



AMPUFIER BIAS CURRENT ([lA) 

FIGURE 2. INPUT OFFSET CURRENT vs AMPLIFIER BIAS 
CURRENT 


SUPPLY VOLTAGE: V+ = 6V,V- = -6V ■ 

V+ = 15V, V-S-15V ■ 


0.01'-'-L_ 

-75 -50 -25 


Iabc * ^ OO^iA 






75 100 125 


AMPUFIER BIAS CURRENT (jiA) TEMPERATURE ("C) 

INPUT BIAS CURRENT vs AMPUFIER BIAS CURRENT FIGURE 4. INPUT BIAS CURRENT vs AMBIENT TEMPERATURE 


u 100 


■BiiiBBiSr 

mmMummm 

BBBSS»Sai&ii 

■■■RSiSiBIII 

■Bag! 



AMPURER BIAS CURRENT (^) 

FIGURE 5. PEAK OUTPUT CURRENT vs AMPLIFIER BIAS 
CURRENT 




mBBBBBb 9 BBE 


-75 -50 -25 


25 50 75 100 125 


TEMPERATURE (®C) 


FIGURE 6. PEAK OUTPUT CURRENT vs AMBIENT TEMPERA¬ 
TURE 
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CA3060 



._ 

==:!!PniiiBiii:iBi:iini 

- 







•abc*io^a:i 

1 -300 

umniii 



_ Jl II_ 


TYPICAL 

MINIMUM 




8 

200 

62k 

100k 

100k 

51k 

100 

0.02 

Bl 

1 


620k 

1M 

1M 

510k 

IB 

0.005 

Q 

0.1 

3 

6.2M 

10M 

10M 

5.1M 

Lij 

0 


FIGURE 17. SLEW RATE TEST CIRCUIT FOR AMPLIFIER 1 OF CA3060 
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Operating Considerations 

The CA3060 consists of three operational amplifiers similar 
in form and application to conventional operational amplifiers 
but sufficiently different from the standard operational 
amplifier (op amp) to justify some explanation of their 
characteristics. The amplifiers incorporated in the CA3060 
are best described by the term Operational Transconduc¬ 
tance Amplifier (OTA). The characteristics of an ideal OTA 
are similar to those of an Ideal op amp except that the OTA 
has an extremely high output impedance. Because of this 
Inherent characteristics the output signal Is best defined In 
terms of current which is proportional to the difference 
between the voltages of the two input terminals. Thus, the 
transfer characteristics is best described in terms of 
transconductance rather than voltage gain. Other than the 
difference given above, the characteristics tabulated are 
similar to those of any typical op amp. 

The OTA circuitry incorporated in the CA3060 (Figure 18) 
provides the equipment designer with a wider variety of 
circuit arrangements than does the standard op amp; 
because as the curves indicate, the user may select the 
optimum circuit conditions for a specific application simply by 
varying the bias conditions of each amplifier. If low power 
consumption, low bias, and low offset current, or high input 
impedance are primary design requirements, then low 
current operating conditions may be selected. On the other 
hand, if operation Into a moderate load Impedance is the 
primary consideration, then higher levels of bias may be 
used. 



FIGURE 18. COMPLETE SCHEMATIC DIAGRAM SHOWING 

BIAS REGULATOR AND ONE OF THE THREE OP¬ 
ERATIONAL TRANSCONDUCTANCE AMPLIFIERS 

Bias Consideration for Op Amp Appiications 

The operational transconductance amplifiers allow the circuit 
designer to select and control the operating conditions of the 
circuit merely by the adjustment of the amplifier bias current 
Ubc- This enables the designer to have complete control 
over transconductance, peak output current and total power 
consumption Independent of supply voltage. 


in addition, the high output impedance makes these amplifi¬ 
ers ideal for applications where current summing is involved. 

The design of a typical operation amplifier circuit (Figure 19) 
would proceed as follows: 

Circuit Requirements 

Closed Loop Voltage Gain = 10 (20dB) 

Offset Voltage Adjustable to Zero 
Current Drain as Low as Possible 
Supply Voltage = ±6V 
Maximum Input Voltage = ±50mV 
Input Resistance = 20kO 
Load Resistance = 20kO 
Device: CA3060 


+6V 



FIGURE 19. 20dB AMPLIFIER USING THE CA3060 
Calculation 

1. Required Transconductance g21. Assume that the 
open loop gain Aql must be at least ten times the closed 
loop gain. Therefore, the forward transconductance 
required is given by: 

921 = Aql/Rl 
= 100/18kO 
= 5.5mmho 

(Rl = 20kD in parallel with 200kO = 18kQ) 

2. Selection of Suitable Amplifier Bias Current. The am¬ 
plifier bias current is selected from the minimum value 
curve of transconductance (Figure 11) to assure that the 
amplifier will provide sufficient gain. For the required g 2 i 
of 5.5mmho an amplifier bias current Iabc 20|iA is 
suitable. 

3. Determination of Output Swing Capability. For a loop 
gain of 10 the output swing is ±0.5V and the peak load 
current 25^A. However, the amplifier must also supply 
the necessary current through the feedback resistor and 
for Rs = 20ki2 than Rp = 200kQ if Aql = 10 . Therefore, 
the feedback loading = 0.5/200kQ = 2.5pA. 

The total amplifier current output requirements are, there¬ 
fore, ±27.5^iA. Referring to the data given in Figure 5, we 
see that for an amplifier bias current of 20jiA the amplifier 
output current is ±40pA. This is obviously adequate and it 
is not necessary to change the amplifier bias current Iabc- 





CA3060 


4. Calculation of Bias Resistance. For minimum supply 
current drain the amplifier bias current I^bc should be fed 
directly from the supplies and not from the bias regulator. 
The value of the resistor R>^bc be directly calculated 
using Ohm’s law. 

„ ''sup"''abc 


R|.«10kQ 

Cl«0 


- 12-0.63 

= 568.5kQor =560kO 

5. Calculation of Offset Adjustment Circuit. In order to 
reduce the loading effect of the offset adjustment circuit 
on the power supply, the offset control should be 
arranged to provide the necessary offset current. The 
source resistance of the non-inverting input is made 
equal to the source resistance of the inverting input. 

20 x 200x10®£i , , 

i.e.- 5 — s 18kQ 

220x10'’ 

Because the maximum offset voltage is 5mV and an 
additional increment due to the offset current (Figure 2) 
flowing through the source resistance (I.e. 200 x 10"® x 
18 X 10® volts), therefore, the Offset Voltage Range = 
5mV + 3.6mV = ±8.6mV. The current necessary to 
provide this offset is 


RL.s10kn 

Cl»15pF 


FREQUENCY (MHz) 

FIGURE 20. EFFECT OF CAPACITIVE LOADING ON 
FREQUENCY RESPONSE 



or 0.48 pA 


With a supply voltage of ±6V, this current can be 
provided by a 10MO resistor. However, the stability of 
such a resistor is often questionable and a more realistic 
value of 2.2MQ was used in the final circuit. 

Other Considerations 

Capacitance Effects 

The CA3060 is designed to operate at such low power level 
that high impedance circuits must be employed. In designing 
such circuits, particularly feedback amplifiers, stray circuit 
capacitance must always be considered because of its 
adverse effect on frequency response and stability. For 
example a lOkQ load with a stray capacitance of 15pF has a 
time constant of 1MHz. Figure 20 illustrates how a lOkQ 
15pF load modifies the frequency characteristic. 

Capacitive loading also has an effect on slew rate; because 
the peak output current is established by the amplifier bias 
current, I^bc (Figure 5), the maximum slew rate is limited to 
the maximum rate at which the capacitance can be charged 
by the Iqm- Therefore, SR = dV/dt = Iqm/Cl, where Cl is the 
total load capacitance including strays. This relationship is 
shown graphically in Figure 21. When measuring slew rate 
for this data bulletin, care was taken to keep the total 
capacitive loading to 13pF. 


SLEW RATE (V/^s) 


A. Cl=10,000pF 

B. Cl = 3,000pF 

C. Cl^IOOOpF 

D. Cl = 300pF 

E. Cl=100pF 

F. Cl = 30pF 


G. Cl=10pF 

H. Cl = 3pF 

I. Cl=1pF 

J. Cl = 0.3pF 

K. Cl = 0.1pF 
L Cl = 0.03pF 


FIGURE 21. EFFECT OF LOAD CAPACITANCE ON SLEW RATE 
Phase Compensation 

In many applications phase compensation will not be 
required for the amplifiers of the CA3060. When needed, 
compensation may easily be accomplished by a simple RC 
network at the input of the amplifier as shown In Figure 17. 
The values given In Figure 17 provide stable operation for 
the critical unity gain condition, assuming that capacitive 
loading on the output is 13pF or less. Input phase compen¬ 
sation is recommended in order to maintain the highest 
possible slew rate. 

In applications such as integrators, two OTAs may be 
cascaded to improve current gain. Compensation is best 
accomplished in this case with a shunt capacitor at the 
output of the first amplifier. The high gain following compen¬ 
sation assures a high slew rate. 
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Applications 

Having determined the operating points of the CA3060 
ampiifiers, they can now function in the same manner as 
conventionai op amps, and thus, are weil suited for most op 
amp appiicatlons, including inverting and non-inverting 
amplifiers, integrators, differentiators, summing amplifiers 
etc. 

Tri-Level Comparator 

Tri-level comparator circuits are an ideal application for the 
CA3060 since it contains the requisite three ampiifiers. A tri- 
levei comparator has three adjustable limits. If either the 
upper lower limit is exceeded, the appropriate output is 
activated until the input signal returns to a selected 
intermediate limit. Tri-level comparators are particularly 
suited to many industrial control applications. 


Circuit Description 

Figure 23 shows the block diagram of a tri-ievei comparator 
using the CA3060. Two of the three ampiifiers are used to 
compare the input signal with the upper limit and lower limit 
reference voltages. The third amplifier is used to compare 
the input signal with a selected value of intermediate limit 
reference voltage. By appropriate selection of resistance 
ratios this intermediate limit may be set to any voltage 
between the upper limit and lower limit values. The output of 
the upper limit and lower limit comparator sets the corre¬ 
sponding upper or lower limit flip-flop. The activated flip-flop 
retains its state until the third comparator (intermediate limit) 
in the CA3060 initiates a reset function, thereby indicating 
that the signal voltage has returned to the intermediate limit 
selected. The flip-flops employ two CA3086 transistor array 
ICs, with circuitry to provide separate “SET* and "POSITIVE 
OUTPUT’ terminals. 


INPUT SIGNAL 
(Es) 


I REGULATOR I CA3086 

IN CA3060 I 


SATURATES WHEN 
UPPER UMIT IS 
EXCEEDED \ 



WHEN 
UPPER 
UMIT IS 
EXCEEDED 


UPPER UMIT 
REFERENCE 
VOLTAGE 





UPPER UMIT 
FUP-FLOP 



LOWER UMIT 
REFERENCE 
VOLTAGE 


INTERMEDIATE UMIT 
REFERENCE VOLTAGE 




WHEN INTERMEDIATE REFERENCE 
UMIT IS EXCEEDED 


SATURATES WHEN 
LOWER LIMIT IS 
EXCEEDED v 




WHEN 
LOWER 
LIMIT IS 
EXCEEDED 


LOWER UMIT 
FUP-FLOP 


NOTES: 1. Items In dashed boxes are external to the 2. Eg > Ey = Q. (ON) (OFF) 

CA3086. All resistance values are in a r- ^ 

Eg < E^ = Qg (ON) ,Q^ (OFF) ‘"S ^ 2 


FIGURE 22. TRI-LEVEL COMPARATOR CIRCUIT 
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UPPER UMIT 
REFERENCE 
VOLTAGE 


INTERMEDIATE 
UMIT REFER¬ 
ENCE VOLTAGE 
LOWER UMIT 
REFERENCE 
VOLTAGE 



POSITIVE 
OUTPUT 

(WHEN UPPER 
UMIT IS 
REACHED) 


POSITIVE 
OUTPUT 
(WHEN LOWER 
UMIT IS 
REACHED) 


FIGURE 23. FUNCTIONAL BLOCK DIAGRAM OF A TRI-LEVEL 
COMPARATOR 

The circuit diagram of a tri-level comparator appears in Figure 
22. Power is provided for the CA3060 via terminal 3 and 8 by 
± 6 V supplies and the built-in regulator provides amplifier bias 
current (Iabc) ^^e three amplifiers via terminal 1. Lower limit 
and upper limit reference voltages are selected by appropriate 
adjustment of potentiometers Ri and R 2 , respectively. When 
resistors R 3 and R 4 are equal in value (as shown), the inter¬ 
mediate limit reference voltage is automatically established at 
a value midway between the lower limit and upper limit values. 
Appropriate variation of resistors R 3 and R 4 permits selection 
of other values of intermediate limit voltage. Input signal (Es) 
Is applied to the three comparators via terminals 5,12 and 14. 
The “SET’ output lines trigger the appropriate flip-flop when¬ 
ever the input signal reaches a limit value. When the Input sig¬ 
nal returns to an intermediate value, the common flip-flop 
“RESET’ line Is energized. The loads In the circuits, shown In 
Figure 22 are 5V, 25mA lamps. 


TERMINAL 

A 


Active Filters - Using the CA3060 as a Gyrator 

The high output impedance of the OTAs makes the CA3060 
ideally suited for use as a gyrator in active filter applications. 
Figure 24 shows two OTAs of the CA3060 connected as a 
gyrator in an active filter circuit. The OTAs in this circuit can 
make a Z\iF capacitor function as a floating lOkH inductor 
across Terminals A and B. The measured Q of 13 (at a 
frequency of 1 Hz) of this inductor compares favorably with a 
calculated Q of 16. The 20kQ to 2MQ attenuators In this 
circuit extend the dynamic range of the OTA by a factor of 
100. The lOOkO potentiometer, across V+ and V-, tunes the 
inductor by varying the g 21 of the OTAs, thereby changing 
the gyration resistance. 

Three Channel Multiplexer 

Figure 25 shows a schematic of a three channel multiplexer 
using a single CA3060 and a 3N153 MOSFET as a buffer 
and power amplifier. 


0 X® 


STROBE V-a-ISV -=r 


[S. J 

1 

>— a 



y i 1 


^390a 

ho) 




AMP1 >—(16) 


LslOkH < 2Mn 


:iOOkO 


-TC 


+15V STROBE “ON" 
-15V STROBE “OFr 


TERMINAL 

B 


FIGURE 24. TWO OPERATIONAL TRANSCONDUCTANCE AM¬ 
PLIFIERS OF THE CA3060 CONNECTED AS A GY¬ 
RATOR IN AN ACTIVE FILTER CIRCUIT 


FIGURE 25. THREE CHANNEL MULTIPLEXER 

When the CA3060 is connected as a high input impedance 
voltage follower, and strobe “ON”, each amplifier is activated 
and the output swings to the level of the input of the 
amplifier. The cascade arrangement of each CA3060 
amplifier with the MOSFET provides an open loop voltage 
gain in excess of lOOdB, thus assuring excellent accuracy in 
the voltage follower mode with 100% feedback. Operation at 
± 6 V is also possible with several minor changes. First, the 
resistance in series with the amplifier bias current (Iabc) 
minai of each amplifier should be decreased to maintain 
100)iA of strobe “ON” current at this lower supply voltage. 
Second, the drain resistance for the MOSFET should be 
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decreased to maintain the same value of source current. 
The low cost dual gate protected MOSFET, 40841 type, may 
be used when operating at the low supply voltage. 

The phase compensation network consists of a single 390flt 
resistor and a lOOOpF capacitor, located at the interface of the 
CA3060 output and the MOSFET gate. The bandwidth of the 
system is 1.5MHz and the slew rate Is 0.3V/^is. The system 
slew rate is directly proportional to the value of the phase 
compensation capacitor. Thus, with higher gain settings 
where lower values of phase compensation capacitors are 
possible, the slew rate is proportionally increased. 

Non-Linear Applications 

AM Modulator (Two Quadrant Multiplier) 

Figure 26 shows Amplifier 3 of the CA3060 used in an AM 
modulator or two quadrant multiplier circuit. When modula¬ 
tion is applied to the amplifier bias input. Terminal B, and the 
carrier frequency to the differential input. Terminal A, the 
waveform, shown in Figure 26 is obtained. Figure 26 is a 
result of adjusting the input offset control to balance the 
circuit so that no modulation can occur at the output without 
a carrier input. The linearity of the modulator is indicated by 
the solid trace of the superimposed modulating frequency. 
The maximum depth of modulation is determined by the ratio 
of the peak input modulating voltage to V-. 

The two quadrant multiplier characteristic of this modulator is 
easily seen If modulation and carrier are reversed as shown 
in Figure 26. The polarity of the output must follow that of the 
differential input; therefore, the output is positive only during, 
the positive half cycle of the modulation and negative only in 
the second half cycle. Note, that both the Input and output 
signals are referenced to ground. The output signal is zero 
when either the differential input or I^qq are zero. 

Four Quadrant Multiplier 

The CA3060 Is also useful as a four quadrant multiplier. A 
block diagram of such a multiplier, utilizing Amplifiers 1, 2 


+6V 



and 3 is shown in Figure 27 and a typical circuit is shown in 
Figure 28. The multiplier consists of a single CA3060 and, 
as in the two quadrant multiplier, exhibits no level shift 
between input and output. In Figure 27, Amplifier 1 is 
connected as an inverting amplifier for the X-input signal. 
The output current of Amplifier 1 is calculated as follows: 

lo(1) = [-VxI[g2i(1)] Equations 

Amplifier 2 Is a non-inverting amplifier so that 
lo(2) = [+Vx][g2i(2)] Equation 4 

Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, for an output 
voltage 

Vo = VxRl [921 (2) - 921 (1)] Equation 5 

The transconductance is approximately proportional to the 
amplifier bias current; therefore, by varying the bias current 
the g21 is also controlled. Amplifier 2 bias current is propor¬ 
tional to the Y-input signal and is expressed as 

(V-)+Vy 

' ABC(2) ”-- Equation 6 

Hence, 

921(2) * k [(V-) + Vy] Equation 7 

Bias for Amplifier 1 is derived from the output of Amplifier 3 
which is connected as a unity gain inverting amplifier. Iabc(i)» 
therefore, varies inversely with Vy. And by the same reason¬ 
ing as above 

gai(1 )« k [(V-) - Vy] Equation 8 

Combining Equations 5, 7 and 8 yields: 

Vo « Vx • k . Rl {[(V-) + Vy] - l(V-) - Vy]} or Vo « 2kRLVxVy 



FIGURE 26. TWO QUADRANT MULTIPLIER CIRCUIT USING THE CA3060 WITH ASSOCIATED WAVEFORMS 














CA3060 



Figures 29b and 29c, respectively, show the squaring of a 
triangular wave and a sine wave. Notice that in both cases 
the output is always positive and returns to zero after each 
cycle. 


FIGURE 27. FOUR QUADRANT MULTIPLIER 

Figure 28 shows the actual circuit including all the adjust¬ 
ments associated with differential input and an adjustment 
for equalizing the gains of Amplifiers 1 and 2. Adjustment of 
the circuit is quite simple. With both the X and Y voltages at 
zero, connect Terminal 10 to Terminal 8 . This procedure 
disables Amplifier 2 and permits adjusting the offset voltage 
of Amplifier 1 to zero by means of the lOOkQ potentiometer. 
Next, remove the short between Terminal 10 and 8 and 
connect Terminal 15 to Terminal 8 . This step disables 
Amplifier 1 and permits Amplifier 2 to be zeroed with the 
other potentiometer. With AC signals on both the X and Y 
inputs, R 3 and are adjusted for symmetrical output 
signals. Figure 29 shows the output waveform with the 
multiplier adjusted. The voltage waveform in Figure 29a 
shows suppressed carrier modulation of 1kHz carrier with a 
triangular wave. 


INPUT iMn 



FIGURE 28. TYPICAL FOUR QUADRANT MULTIPLIER CIRCUIT 




FIGURE 29. VOLTAGE WAVEFORMS OF FOUR QUADRANT MULTIPLIER CIRCUIT 
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Features 

• Low Standby Power.AsLowAsTOOnW 

• Wide Supply Voltage Range.±0.75V to ±15V 

• High Peak Output Current.6.5mA min. 

• Adjustable Quiescent Current 

• Output Short Circuit Protection 


Applications 

• Portable Electronics • 

• Medical Electronics • 

• Instrumentation 

Ordering information 

PART TEMPER ATU 

NUMBER _ RANGE 

CA3078AE _ >55°C to +12f 

C A3078AM -55°C to +12£ 

CA3078AM96 -55°C to +12i 

CA3078AT _ -55°C to +12i 

CA3078E 0<*C to + 70 ^ 

CA3078M 0<>C to +70^ 

CA3078M96 0°Cto+70° 

CA3078T 0°C to +70° 

• Denotes Tape and Reel 


Telemetry 
Intrusion Alarms 


Micropower Operational Amplifier 


Description 

The CA3078 and CA3078A are high gain monolithic 
operational amplifiers which can deliver miliiamperes of 
current yet only consume microwatts of standby power. Their 
operating points are externally adjustable and frequency 
compensation may be accomplished with one external 
capacitor. The CA3078 and CA3078A provide the designer 
with the opportunity to tailor the frequency response and 
improve the slew rate without sacrificing power. Operation 
with a single 1.5V battery is a practical reality with these 
devices. 

The CA3078A is a premium device having a supply voltage 
range of V± = 0.75V to V± = 15V. The CA3078 has the same 
lower supply voltage limit but the upper limit is V+ = +6V and 
V- = -6V. 


TEMPERATURE 

RANGE 

PACKAGE 

-55°C to +125°C 

8 Lead Plastic DIP 

-55°C to +125°C 

8 Lead SOIC 

-55®C to +125°C 

8 Lead SOIC* 

-55°C to +125°C 

8 Pin Can 

0®C to +70®C 

8 Lead Plastic DIP 

0®C to +70®C 

8 Lead SOIC 

0°Cto+70°C 

8 Lead SOIC* 

0°C to +70°C 

8 Pin Can 



CAUTION: These devices are sensitive to eiectrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 « pa 
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Specifications CA3078, CA3078A 


Absolute Maximum Ratings ■f 25 °c Operating Conditions 

Supply Voltage (Between V+ and V- Terminal) Operating Temperature Range 

CA3078. 14V CA3078 . 0°C to +70°C 

CA3078A.36V CA3078A.-55®C to +125°C 

Differential Input Voltage.6V Storage Temperature Range -65°C to +150°C 

Input Voltage.V+ to V- 

Input Current.0.1mA 

Output Short Circuit Duration (Note 1).No Limitation 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Ma)dmum Ratings' may causa permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not inplied. 


Electrical Specifications For Equipment Design 


I CA3078A LIMITS 

TEST CONDITIONS 


Set = 5.1MQ 


TA = -55®CtO 
+125®C 



CA3078 LIMITS 


SET = 1MQ 


T 

1 = +25®C 

TA = 0®Cto 
+70®C 

MIN 

TYP 

MAX 

MIN 

MAX 

- 

1.3 

IKSII 

- 

5 

- 

6 

32 

- 

40 

- 

60 

170 

- 

200 

88 

92 

- 

86 

- 

- 

100 

130 

- 

150 

- 

1200 

1560 

- 

1800 

±5.1 

±5.3 

- 

±5 

- 

- 

-5.5 to 
+5.8 

- 

-5 to 
+5 

- 

80 

110 

- 

- 

- 

- 

12 

- 

6.5 

30 

76 

93 

* 

- 

- 

76 

93 

- 

- 

- 



mV 


CM 


NOTE: 

1. Short circuit may be applied to ground or to either supply. 
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OUTPUT VOLTAGE SWING (V) 


CA3078, CA3078A 
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Typical Performance Curves (Continued) 


COMPENSATION 
(Ri-Cl BETWEEN. 
4- TERMINALS 1& 8) i 
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J 




7 CAPACITOR 
/ COMPENSATION 


W (dcTWccN 
/ TERMINALS 1& 8) 

L _1_1_1_ 











0 10 20 30 40 50 60 70 80 90 

CLOSED LOOP NON-INVERTING VOLTAGE GAIN (dB) 

r. I I ' ' I.T — . I ' . I-1 . 1 

6 19.1 29.7 40 50 60 70 80 90 

CLOSED LOOP INVERTING VOLTAGE GAIN (dB) 

Supply Volts: V+ * -h6, V- = -6 
Quiescent Current (Iq) = 1(X)pA 
Ambient Temperature (T^) = +25°C 
Load impedance: Rl = lOkQ, Cl = 100pF 
Feedback Resistance (Rp) == 0.1 MQ 
Output Voltage (Vqpp) = 10V 

Ri determined for transient response with 10% overshoot on a 
lOOmV output signal (R^ x Ct = 2.6 x lO"®) 

FIGURE 18. SLEW RATE vs CLOSED LOOP GAIN FOR Iq »10OpA 
- CA3078 


COMPENSATION 
(Rl-Ci BETWEEN- 
TERMINALS 1 &8) . 


: CAPAaTOR 
COMPENSATION 
(BETWEEN 
* TERMINALS 1 AS)" 


0 10 20 30 40 50 60 70 80 90 

CLOSED LOOP NON-INVERTING VOLTAGE GAIN (dB) 

I I "" I I-1 .1 -1 -1 ' "" ' . 1 . 1 

6 19.1 29.7 40 50 60 70 80 90 

CLOSED LOOP INVERTING VOLTAGE GAIN (dB) 

Supply Volts: V+ = +6, V- = -6 
Quiescent Current (Iq) = 20pA 
Ambient Temperature (T^) = +25°C 
Load Impedance: Rl * lOkQ, Cl = lOOpF 
Feedback Resistance (Rp) ~ 0.1MQ 
Output Voltage (Vopp) = 10V 

R^ determined for transient response with 10% overshoot on a 
lOOmV output signal (R, x C^ = 2 x lO"*) 

FIGURE 19. SLEW RATE vs CLOSED LOOP GAIN FOR Iq = 2()pA - 
CA3078A 




0 10 20 30 40 50 60 70 80 90 

CLOSED LOOP NON-INVERTING VOLTAGE GAIN (dB) 

r""i"" ~ T" " .I I. . I i I I I 

6 19.1 29.7 40 50 60 70 80 90 

CLOSED LOOP INVERTING VOLTAGE GAIN (dB) 

Supply Volts: V+ = +6,V- = -6 
Quiescent Current (Iq) » 1(X)pA 
Ambient Temperature (T;^) = +25°C 
Load impedance: Rl = lOkQ, Cl = lOOpF 
Feedback Resistance (Rp) = 0.1MQ 
Output Voltage (Vopp)» lOOmV 

Rl determined for transient response with 10% overshoot on a 
10OmV output signal (R^ x C^ = 2.5 x 10'®) 

FIGURE 20. PHASE COMPENSATION CAPACITANCE vs 
CLOSED LOOP GAIN - CA3078 


0 10 20 30 40 50 60 70 80 90 

CLOSED LOOP NON-INVERTING VOLTAGE GAIN (dB) 

I I"" 'I I '" "" I . I I I I . I 

6 19.1 29.7 40 50 60 70 80 90 

CLOSED LOOP INVERTING VOLTAGE GAIN (dB) 

Supply Volts: V+ = +6, V- = -6 
Quiescent Current (Iq) = 20pA 
Ambient Temperature (T^) = +25°C 
Load Impedance: Rl = lOk^ Cl = lOOpF 
Feedback Resistance (Rp) - 0.1 MG 
Output Voltage (Vopp) = lOOmV 

R^ determined for transient response with 10% overshoot on ; 
lOOmV output signal (R, x C, = 2 x 10'®) 

FIGURE 21. PHASE COMPENSATION CAPACITANCE vs 
CLOSED LOOP GAIN - CA3078A 
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TABLE 1. UNITY GAIN SLEW RATE vs COMPENSATION - CA3078 AND CA3078A 

Supply Volts: V+ = +6, V- = -6, Output Voltage (Vq) = ±5V, Load Resistance (RJ = 10kQ, Transient Response: 10% overshoot for an output 
voitage of 10OmV, Ambient Temperature Oa) = +25°C 


UNITY GAIN (INVERTING) 
FIGURE 22 


UNITY GAIN (NON-INVERTING) 
FIGURE 23 


COMPENSATION 

TECHNIQUE 


CA3078 - Iq = tOOpA 


Single Capacitor 


CA3078A - Iq = 20pA 


Single Capacitor 


Resistor & Capacitor 


Input 


SLEW RATE 




Operating Conditions 

Compensation Techniques 

The CA3078A and CA3078 can be phase compensated with 
one or two external components depending upon the closed 
loop gain, power consumption, and speed desired. The 
recommended compensation is a resistor in series with a 
capacitor connected from Terminal 1 to Terminal 8. Values of 
the resistor and capacitor required for compensation as a 
function of closed loop gain are shown in Figures 20 and 21. 
These curves represent the compensation necessary at 
quiescent currents of lOOpA and 20pA, respectively, for a 
transient response with 10% overshoot. Figures 18 and 19 
show the slew rates that can be obtained with the two 
different compensation techniques. Higher speeds can be 
achieved with input compensation, but this increases noise 


output. Compensation can also be accomplished with a 
single capacitor connected from Terminal 1 to Terminal 8, 
with speed being sacfificed for simplicity. Table 1 gives an 
indication of slew rates that can be obtained with various 
compensation techniques at quiescent currents of lOOpA 
and 20pA. 

Single Supply Operation 

The CA3078A andCA3078 can operate from a single supply 
with a minimum total supply voltage of 1.5V. Figures 25 and 
26 show the CA3078A or CA3078 in inverting and non¬ 
inverting 20dB amplifier configurations utilizing a 1.5V type 
“AA” cell for a supply. The total consumption for either circuit 
is approximately 675nW. The output voltage swing in this 
configuration is 300mVp-p with a 20kO load. 
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Features 

• Slew Rate (Unity Gain, Compensated).SOV/ms 

• Adjustable Power Consumption.10^W to 30)iW 

• Flexible Supply Voltage Range.±2V to ±15V 

• Fully Adjustable Gain.0 to gmRi. Limit 

• Tight g^ Spread: 

- CA3080.2:1 

- CA3080A.1.6:1 

• Extended g^ Linearity.3 Decades 


Applications 

• Sample and Hold 

• Multiplexer 

• Voltage Follower 

Ordering Information 

PART NUMBER TEMP. RAt 

CA3080 _ OPC to +7C 

CA3080A _ -55°C to +Vi 

CA3080AE _ -55°C to +V. 

CA3080AM _ -55°C to +1^ 

CA3080AM96 -55°C to +11 

CA3080E 0°C to +7C 

CA3080M QPC to 4-7C 

CA3080M96 _ 0°Cto+7C 

• Denotes Tape and Reel 


Multiplier 

Comparator 


TEMP. RANGE 

PACKAGE 

0°C to -h70°C 

8 Pin Can 

-55°C to +125°C 

8 Pin Can 

-55°C to ■l■125°C 

8 Lead Plastic DIP 

-55°C to +125°C 

8 Lead SOIC 

-55°C to +125°C 

8 Lead SOIC* 

0°C to+70°C 

8 Pin Can 

0°C to +7(fC 

8 Lead SOIC 

0°Cto+70°C 

8 Lead SOIC* 


Description 

The CA3080 and CA3080A types are GataWe-Gain Blocks 
which utilize the unique operational-transconductance-amplifier 
(OTA) concept described in Application Note ICAN- 6668 , “Appli- 
catbns of the CA3080 and CA3080A High-Performance Opera¬ 
tional Transconductance Amplifiers”. 

The CA3080 and CA3080A types have differential input and a 
single-ended, push-pull, class A output. In addition, these types 
have an amplifier bias input which may be used either for gating 
or for linear gain control. These types also have a high output 
impedance and their transconductance (g^) is directly propor¬ 
tional to the amplifier bias current (Iabc)- 

The CA3080 and CA3080A types are notable for their excellent 
slew rate (SOV/ps), which makes them especially useful for 
multiplexer and fast unity-gain voltage followers. These types are 
especially applicable for multiplexer applications because power 
is consumed only when the devices are in the “ON” channel 
state. 

The CA3080A is rated for operation over the full military-tem¬ 
perature range (- 55 °C to +125°C) and its characteristics are 
specifically controlled for applications such as sample-hold, 
gain-control, multiplex, etc. Operational transconductance 
amplifiers are also useful in programmable power-switch 
appiications, e.g., as described in Application Note AN6048, 
“Some Applications of a Programmable Power Switch/Ampli¬ 
fier” (CA3094. CA3094A, CA3094B). 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 ^ -to 
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Specifications CA3080, CA3080A 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (Between V+ and V- Terminal).36V Operating Temperature Range 

Differential Input Voltage.5V CA3080. 0°C to +70°C 

Input Voltage..V+ to V- CA3080A.-55°C to +125°C 

Input Signal Current.1mA Storage Temperature Range -65°C to +150®C 

Amplifier Bias Current (Ubc). 2mA 

Power Dissipation.125mW 

Output Short Circuit Duration (Note 1).No Limitation 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operationai sections of this specification is not impiied. 


Electrical Specifications For Equipment Design, Ta - +25^C, Unless Otherwise Specified 


Forward Transconductance (Large Signal) 


Peak Output Current 



Peak Output Voltage: 


Negative 


Amplifier Supply Current 


Device Dissipation 


Input Offset Voltage Sensitivity: 


Negative 


Common-Mode Rejection Ratio 


Common-Mode Input-Voltage 


input Resistance 


1. Short circuit may be applied to ground or to either supply. 
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Specifications CA3080, CA3080A 


Electrical Specifications typical values intended Only for Design Guidance, = +25°C, 
Unless Otherwise Specified 


TEST CONDITIONS 
V+ = 15V, V- » -15V 

SYMBOL Iabc = SOOpA 


•abc = 5pA 


Use “ SOOpA to — 5pA 


Iabc = 5pA 



Amplifier Bias Voltage 


Maximum (Uncompensated) 


Unity Gain (Compensated) 


Open-Loop Bandwidth 


Input Capacitance 


Output Capacitance 


Output Resistance 


Input-to-Output Capacitance 


Propagation Delay 


ABC = 0. Vjp = 0 


ABC = 0. Vjp = 36V 


Iabc = 0, Vd,ff = 4V 


CA3080 

TYP 




tpHLi tpLH UbC = 500pA 



Electrical Specifications For Equipment Design, Ta = +25°C, Unless Otherwise indicated 
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Specifications CA3080, CA3080A 


Electrical Specifications For Equipment Design, Ta = +25^C, Uniess otherwise Indicated (Continued) 


PARAMETERS 


Peak Output Voltage: 



Input Offset Voltage Sensitivity: 


Negative 


Magnitude of Leakage Current 


Differential input Current 


Common-Mode Rejection Ratio 


Common-Mode Input-Voltage Range 


Input Resistance 


Electrical Specifications Typical values intended Only for Design Guidance, Ta ~ +25°C, Uniess Otherwise Specified 


PARAMETERS 


Amplifier Bias Voltage 


Slew Rate: 

Maximum (Uncompensated) 


Unity Gain (Compensated) 


Open-Loop Bandwidth 


Input Capacitance 


Output Capacitance 


Output Resistance 


Input-to-Output Capacitance 


Input Offset Voltage Temperature Drift 


Propagation Delay 



4>hl. IpLH Ubc = 500nA 
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CA3080. CA3080A 


Typical Performance Curves 
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CA3080, CA3080A 


Typical Performance Curves (continued) 
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FIGURE 15. INPUT AND OUTPUT CAPACITANCE vs AMPLIFIER FIGURE 16. OUTPUT RESISTANCE vs AMPLIFIER BIAS CURRENT 
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FIGURE 17. INPUT-TO-OUTPUT CAPACITANCE TEST CIRCUIT FIGURE 18. INPUT-TO-OUTPUT CAPACITANCE vs SUPPLY 

VOLTAGE 
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CA3080, CA3080A 


Applications (continued) 



(a) Two-Tone Output Signal From The Function Generator. A (b) Triple-Trace of the Function Generator Sweeping to 1 MHz. The 

Square-Wave Signal Modulates The External Sweeping Input to Bottom Trace Is the Sweeping Signal and the Top Trace Is the Ac- 
Produce 1 Hz and 1 MHz, Showing the 1,000,000/1 Frequency tual Generator Output. The Center Trace Displays the 1MHz sig- 

Range of the Function Generator. nal Via Delayed Oscilloscope Triggering of the Upper Swept 

Output Signal 

FIGURE 21. FUNCTION GENERATOR DYNAMIC CHARACTERISTICS WAVEFORMS 


O.OIfiF 300pF ^3kO 


MfiF 300p 


^30ka " \ SLEW RATE (IN SAMPLE MODE) Bl.3V/ps 

STORAGE AND PHASE ACQUISITION TIME* a 3ps 

^ COMPENSATION NETWORK 

-► *TIME REQUIRED FOR OUTPUT TO SETTLE 

o WITHIN ±3mV OF A4-VOLT STEP 


FIGURE 22. SCHEMATIC DIAGRAM OF THE CA3080A IN A SAMPLE-HOLD CONFIGUREATION 
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CA3080, CA3080A 


Applications (continued) 


30ka 



0.1 30pF 

SIMULATED LOAD,X^ j 
NOT REQUIRED 


FIGURE 23. SAMPLE AND HOLD CIRCUIT 



Top Trace: Output Signal 

(5V/Dlv. and 2ps/Div.) 

Bottom Trace: Input Signal 

(5V/Div. and 2|is/Div.) 

Center Trace: Difference of Input and Output Signals Through 
Tektronix Amplifier 7A13 
(5mV/Div. and 2ps/Dlv.) 


FIGURE 24. LARGE SIGNAL RESPONSE AND SETTLING TIME FOR CIRCUIT SHOWN IN FIGURE 23 


















































CA3080, CA3080A 


Applications (Continued) 





Top Trace: System Output 

(100mV/Div. and 500ns/Div.) 


Top Trace: Output 

(50mV/Div. and 200ns/Div.) 


Bottom Trace: Sampling Signal Bottom Trace: Input 

(20V/Div. and 500ns/Div.) (50mV/Div. and 200ns/Div.) 

FIGURE 25. SAMPLING RESPONSE FOR CIRCUIT SHOWN IN FIGURE 26. INPUT AND OUTPUT RESPONSE FOR CIRCUIT 
FIGURE 23 SHOWN IN FIGURE 23 



1 THERMOCOUPLE 1 < 

f6.2K / 

o A" 



Sj ® 



— ^ T t 

CA3080>C 



y 120V AC 
MT| 60Hz 


NOTE: All resistors 1/2 watt, 

unless otherwise specified. 

FIGURE 27. THERMOCOUPLE TEMPERATURE CONTROL WITH CA3079 ZERO VOLTAGE SWITCH AS THE OUTPUT AMPLIFIER 


2-83 


OPERATIONAL 

AMPLIFIERS 




































CA3080, CA3080A 



Top Trace: Output 

(5V/Div. and 2ps/Div.) 

Center Trace: Differential Comparison of input and Output 
(2mV/Div. and 2ps/Div.) 


Top Trace: Output 

(20mV/Div. and lOOns/Div.) 

Bottom Trace: Input 

(200mV/Div. and 100ns/Dlv.) 


Bottom Trace: Input 

(5V/DIV. and 2ps/Div.) 

FIGURE 29. LARGE-SIGNAL RESPONSE FOR CIRCUIT SHOWN FIGURE 30. SMALL-SIGNAL RESPONSE FOR CIRCUIT SHOWN 

IN FIGURE 28 IN FIGURE 28 


Applications (continued) 


•.g. 30pF (TYP) 


FIGURE 28. SCHEMATIC DIAGRAM OF THE CA3080A IN A SAMPLIE-HOLD CIRCUIT WITH BIMOS OUTPUT AMPLIFIER 
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SEMICONDUCTOR 


CA3094 


March 1993 


Programinable Power Switch/Amplifier for 
Control and General Purpose Applications 


Features 

• CA3094T, S, E, M for Operation Up to 24V 

• CA3094AT, S, E, M for Operation Up to 36V 

• CA3094BT, S, M for Operation Up to 44V 

• Designed for Single or Dual Power Supply 

• Programmable: Strobing, Gating, Squelching, AGC 
Capabilities 

• Can Deliver 3W (Average) or 10W (Peak) to External 
Load (in Switching Mode) 

• High Power, Single Ended Class A Amplifier will Deliver 
Power Output of 0.6W (1.6W Device Dissipation) 

• Total Harmonic Distortion (THD) at 0.6W In Class A 
Operation 1.4% (Typ.) 

Applications 

• Error Signal Detector: Temperature Control with 
Thermistor Sensor; Speed Control for Shunt Wound 
DC Motor 

• Over Current, Over Voltage, Over Temperature Protectors 

• Dual Tracking Power Supply with CA3085 

• Wide Frequency Range Oscillator 

• Analog Timer 

• Level Detector 

• Alarm Systems 

• Voltage Follower 

• Ramp Voltage Generator 

• High Power Comparator 

• Ground Fault Interrupter (GFi) Circuits 


Description 

The CA3094 is a differential input power control switch/ 
amplifier with auxiliary circuit features for ease of program¬ 
mability. For example, an error or unbalance signal can be 
amplified by the CA3094 to provide an on-off signal or 
proportional control output signal up to 100mA. This signal is 
sufficient to directly drive high current thyristors, relays, dc 
loads, or power transistors. The CA3094 has the generic 
characteristics of the CA3080 operational amplifier directly 
coupled to an integral Darlington power transistor capable of 
sinking or driving currents up to 100mA. 

The gain of the differential input stage is proportional to the 
amplifier bias current (Iabc)* permitting programmable 
variation of the Integrated circuit sensitivity with either digital 
and/or analog programming signals. For example, at an Iabc 
of 100mA, a ImV change at the input will change the output 
from 0 to 100mA (typical). 

The CA3094 is intended for operation up to 24V and Is 
especially useful for timing circuits, in automotive equipment, 
and in other applications where operation up to 24V is a 
primary design requirement (see Figures 28, 29 and 30 in 
Applications Section). The CA3094 and CA3094B are like 
the CA3094 but are Intended for operation up to 36V and 
44V, respectively (single or dual supply). 

These types are available in 8 lead TO-5 style packages with 
standard leads (“T’ suffix) and with dual-in-line formed leads 
“DIL-CAN” (“S” suffix). Type CA3094 is also available in an 8 
lead dual-in-line plastic package “MINI-DIP” (“E” suffix), 
Small Outline Pakcage (“M” suffix), and In chip form (“H” 
suffix). 


Pinouts 


CA3094 
(PDIP, SOIC) 
TOP VIEW 


EXT. FREQUENCY 
COMPENSATION IT 
OR INHIBIT INPUT ^ 

differentiaT^ 

VOLTAGE INPUT^^ 

GND(V-INDUAL 
SUPPLY OPERATION) •— 


NOTE: Pin 4 is connected to case 



I SINK OUTPUT 
I (COLLECTOR) 


I DRIVE OUTPUT 
I (EMITTER) 


PROGRAMMABLE 

INPUT 

(STROBE OR AGC) 


EXT. FREQUENCY 
COMPENSATION OR 
INHIBIT INPUT 


DIFFERENTIAL 
VOLTAGE INPUTS . 


CA3094 
(TO-5 CAN) 
TOP VIEW 

SINK OUTPUT 
(COLLECTOR) 


GND(V-INDUAL 
SUPPLY OPERATION) 


i DRIVE OUTPUT 
f (EMITTER) 


' Iabc current 

[programmable INPUT~| 
[(STROBE OR AGC) J 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 o qc 


File Number 598.2 





Specifications CA3094, CA3094A, CA3094B 


Absolute Maximum Ratings 


Operating Conditions 


Dual Supply Voltage 


Operating Temperature Range. 

. ...-55°Cto+1250C 

CA3094. 

.±12V 

Storage Temperature Range. 

_-65°Cto+150°C 

CA3094A. 

.±18V 



CA3094B. 

.±22V 



Single Supply Voltage 




CA3094. 

.24V 



CA3094A. 

.36V 



CA3094B. 

.44V 



Differential Input Voltage (Term. 2 and 3) Note 1_ 

.5V 



DC Input Voltage. 

.V+ to V- 



Input Current (Term. 2 and 3). 

.±1mA 



Amplifier Bias Current (Term. 5). 

.2mA 



Output Current. 

.300mA 



Junction Temperature. 

. +175°C 



Junction Temperature (Plastic Package). 

. +150°C 



Lead Temperature (Soldering 10 Sec.). 

. +300°C 



CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any o^er conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Ta = +25°C for Equipment Design. Single Supply V+ = 30V, Dual Supply V+ = 15V, V- 
Unless Otherwise Specified 

=-15V, Iabc = 100pA 


PARAMETERS 


INPUT PARAMETERS 


Input Offset Voltage 


Input Offset Voltage Change 


Input Offset Current 


Input Bias Current 


Device Dissipation 


Common Mode Rejection Ratio 


Common Mode Input Voltage 
Range 


Unity Gain Bandwidth 


Open Loop Bandwidth at -3dB Point 


Total Harmonic Distortion 
(Class A Operation) 


Amplifier Bias Voltage 
(Terminal 5 to Terminal 4) 


Input Offset Voltage Temperature 
Coefficient 


Power Supply Rejection 



TEST CONDITIONS 


Ta = +25°C 


TA = 0°Cto+70°C 


IAViqI Change In V|o between Iabc = 
and Iabc = 5pA 


LIMITS 


MIN TYP 




Ta = +25°C 


Ta = 0°C to +70°C 


OUT - OiT'A 


V+ = 30V (High) 


V- = OV (Low) 


V+= 15V 


V- = -15V 


* 7.5mA, VcE = 15V, Iabc * SOOpA 


= 7.5mA, VcE = 15V, Iabc = SOOpA 





















































































































Specifications CA3094, CA3094A, CA3094B 


Electrical Specifications Ta = +25°C for Equipment Design, single Supply V+ = 30V, DualSupply V+s1SV, V- = -15V, Iabc = 'lOOpA 
Unless Otherwise Specified (Continued) 


PARAMETERS 


INPUT PARAMETERS (Continued) 


1/F Noise Voltage 


1/F Noise Current 


Differential Input Resistance 


Differential input Capacitance 


OUTPUT PARAMETERS (Differential Input Voltage = IV) 


Peak Output Voltage (Terminal 6) 



TEST CONDITIONS 


f=10Hz, Iabc = 50pA 


f = 10Hz, Iabc = 50mA 


Ubc “ 20|iA 


f s 1MHz, V+ = 30 V 


With Q13 “ON” 


With Q13 “OFF 


Peak Output Voltage (Terminal 6) 
Positive 


Negative 


Peak Output Voltage (Terminal 8) 
With Q13 “OFF 


With Q13“ON” 


Peak Output Voltage (Terminal 8) 


Negative 


Coilector-to-Emitter Saturation 
Voltage (Terminal 8) 


Output Leakage Current (Terminal 
6 to Terminal 4) 


Composite Small Signal Current 
Transfer Ratio (Beta) (Q12 and Q13) 


Output Capacitance 


TRANSFER PARAMETERS 


Voltage Gain 


Forward Transconductance to 
Terminal 1 


Slew Rate (Open Loop) 
Positive Slope 


Negative Slope 


Unity Gain (Non<inverting 
Compensated) 


V+ = 30V, Rl * 2kn to GND 


V+ = 15V, V- = -15V, Rl = 2kO to -15V 


V+ = 30V,RL=*2kC2to30V 


V+ =r 15V, V- = -15V, 
RL = 2kQto15V 


Vce(SAT) V+ = 30V, Ic 50mA, Terminal 6 
Grounded 




V+ = 30V, VcE = 5V, Ic = 50mA 


f s 1 MHz, All remaining Terminals Tied 
to Terminal 4 


V+ = 30V,Iabc = 100pA,AVout = 20V, 20,000 100,000 

RL = 2kQ 




1650 2200 2750 pmhos 



1. Exceeding this voltage rating will not damage the device unless the peak input signal current (1mA) is also exceeded. 
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CA3094, CA3094A, CA3094B 


Schematic Diagram 



OUTPUT 

MODE 

OUTPUT 

TERM 

INPUTS 

INV 

NON- 

INV 

“Source" 

6 

2 

3 

“Sink" 

8 

3 

2 
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CA3094, CA3094A, CA3094B 





























































CA3094, CA3094A, CA3094B 




FREQUENCY (Hz) 


FIGURE 11. OPEN LOOP VOLTAGE GAIN vs FREQUENCY 



10 * 10 * 

FREQUENCY (Hz) 

FIGURE 8. 1/F NOISE CURRENT vs FREQUENCY 


10 * 


o 

5 




iSiii 


mil 



1000 


COLLECTOR CURRENT (mA) 


FIGURE 10. COMPOSITE DC BETA vs COLLECTOR CURRENT 
OF DARLINGTON CONNECTED OUTPUT TRAN¬ 
SISTORS (Q12, Q13) 



lCL_J_LJJJ_ \ _LLU_I_ LUJ _I_L..iJ..J 

0.1 1.0 1 0 1 00 1 000 


AMPUFIER BIAS CURRENT (^A) 

FIGURE 12. FORWARD TRANSCONDUCTANCE vs AMPLIFIER 
BIAS CURRENT 
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CA3094, CA3094A, CA3094B 


Typical Performance Curves {Continued) 



1 10 100 100 ( 
AMPUFIER BIAS CURRENT OiA) 

FIGURE 13. SLEW RATE vs AMPLIFIER BIAS CURRENT 



0 20 40 60 80 100 

CLOSED LOOP VOLTAGE GAIN (dB) 

FIGURE 14. SLEW RATE vs CLOSED LOOP VOLTAGE GAIN 



(0 

ui 

cc 

z 

I 

<0 


s 

o 

o 

UJ 

< 


FIGURE 15. PHASE COMPENSATION CAPACITANCE AND RESISTANCE vs CLOSED LOOP VOLTAGE GAIN 


Operating Considerations 

The “Sink” Output (Terminal 8) and the “Drive” Output 
(Terminal 6) of the CA3094 are not inherently current (or 
power) limited. Therefore, if a load is connected between 
Terminal 6 and Terminal 4 (V- or Ground), it Is Important to 
connect a current limiting resistor between Terminal 8 and 
Terminal 7 (V+) to protect transistor Q13 under shorted load 
conditions. Similarly, if a load is connected between Terminal 
8 and Terminal 7 (V+), the current limiting resistor should be 
connected between Terminal 6 and Terminal 4 or ground. In 
circuit applications where the emitter of the output transistor 
is not connected to the most negative potential In the 
system, it is recommended that a 100G current limiting 
resistor be inserted between Terminal 7 and the V+ supply. 


Test Circuits 

1/F Noise Measurement Circuit 

When using the CA3094, A, or B audio amplifier circuits. It is 
frequently necessary to consider the noise performance of 
the device. Noise measurements are made in the circuit 
shown in Figure 20. This circuit Is a 30dB, non-inverting 
amplifier with emitter follower output and phase compensa¬ 
tion from Terminal 2 to ground. Source resistors (Rs) are set 
to OD or 1MQ for E noise and I noise measurements, 
respectively. These measurements are made at frequencies 
of 10Hz, 100Hz and 1kHz with a 1Hz measurement band¬ 
width. Typical values for 1/f noise at 10Hz and 50|xA I^^bc 

= 18nV/^/Hz and 1^ = ^.SpA/■JHz . 






















CA3094, CA3094A, CA3094B 









CA3094. CA3094A, CA3094B 


Test Circuits (Continued) 


+15V -HSV 



FIGURE 20. 1/F NOISE TEST CIRCUIT FIGURE 21. OPEN LOOP GAIN vs FREQUENCY TEST CIRCUIT 






CA3094, CA3094A, CA3094B 


Test Circuits (Continued) 



.15V 


CLOSED 

LOOP GAIN Ri R 2 R 3 

(dB) (k^2) (kO) (kO) 


20 10 1 10 

40 1 0.1 10 


FIGURE 24. PHASE COMPENSATION TEST CIRCUIT 


Ri Equt 

R2 

R3 

w 



1. Cl =0.5^F 

Di = 1N914 (5^ 29V|^- ^ 

R, =0.51Mn = 3min. ^ ® | 

Rg = 5.1 MO = 30 min. ^ ^ - 1 

R 3 = 22MQ - 2 hrs. jIp^q _ ^ 

R 4 = 44MO = 4 hrs. Sg Set to R 4 

R 5 = 1.5kO 
R 6 = 50kO 
R 7 = 5.1ka 
R 8 = 1.5kQ 

2. Potentiometer required for initial time set to permit device inter- 
connecting. Time variation with temperature < 0.3%/°C. 

FIGURE 25. PRESETTABLE ANALOG TIMER 


Typical Applications 

For Additional Application Inforniation, refer to 
Application Note ICAN-6048 “Some Applications of a 
Programmabie Power/Switch Amplifier iC”. 

Design Considerations 

The selection of the optimum amplifier bias current (Iabc) 
depends on: 

1. The Desired Sensitivity - The higher the Iabc» the higher 
the sensitivity, i.e., a greater drive current capability at the 
output for a specific voltage change at the input. 

2. Required Input Resistance - The lower the Iabc* ^^e high¬ 
er the input resistance. 


If the desired sensitivity and required input resistance are 
not known and are to be experimentally determined, or the 
anticipated equipment design is sufficiently flexible to 
tolerate a wide range of these parameters, it is 
recommended that the equipment designer begin his 
calculations with an Iabc of lOOpA, since the CA3094 is 
characterized at this value of amplifier bias current. 

The CA3094 is extremely versatile and can be used In a 
wide variety of applications. 
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CA3094, CA3094A. CA3094B 


Typical Applications 



Em 

X 

Where Eout ~ ^in 


Where -=— ” M T" depends on the characteristics of Z1 and Z2 

(a) (b) 

NOTE: 1. In single-ended output operation, the CA3094 may require a puli up or puli down resistor 

FIGURE 26. APPLICATION OF THE CA3094: (a) AS AN INVERTING OP AMP AND (b) IN A NON-INVERTING MODE, AS A FOLLOWER 

FIGURE 27. RC TIMER 


V-i->18V 

is. 


VOLTAGE A 
2^3V» — — 




VOLTAGE AT 
TERMINAL 8 



-<i>- 

CA3094 ^ 

—CD- 


:r2 

"220ka 

T t 


TIME DELAY (SEC.) s RC (APPROX.) 


Problem: To calculate the maximum value of R required to 
switch a 100mA output current comparator 
18V 

puiiup 'abc”®***’ ®abc “ ® 

ii - SOOnA at Iabc ' lOOpA (from Figure 3) 
li = 5pA can be determined by drawing a line on Figure 3 through 
Iabc = lOOpA and Ib = SOOnA parallel to the typical Ta = +25°C 
curve. 

Then: i| = 33nA at Iabc = SpA 

^ 18V-12V 

Rmav = = 180MQ at T. = +25®C 

MAX 33nA A 

^MAX "" 180MQX2/3* = 120MO at T^ = -55°C 

* Ratio of i| at Ta = +25°C to i| at Ta = -55°C for any given value 

of Iabc 



^ I ® negative going transient at input (A), a negative 

pulse at C will turn “on" the CA3094, and the output (E) 

s *^LOAD ^ ^ 

y ^ ” 2kO At the end of the time constant determined by Cl, R1, 

r^3 R2, R3, the CA3094 will return to the “off" state and 

the output will be pulled low by Rload- condition 

>■ -- - - - - will be independent of the interval when input (A) 

returns to a high level. 

FIGURE 28. RC TIMER TRIGGERED BY EXTERNAL NEGATIVE PULSE 






CA3094, CA3094A, CA3094B 


Typical Applications (Continued) 
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CA3094, CA3094A, CA3094B 


Typical Applications (Continued) 



NOTES: 

1. R* = 




Rl + R2 


2. ±Thresholcl = [±Supply] 




(a) Dual Supply 



NOTES: 

1 . Upper Threshold = [V+] 


2- Lower Threshold = [V+] 




Rl+Rb 




(b) Single Supply 


FIGURE 33. COMPARATORS (THRESHOLD DETECTORS) DUAL AND SINGLE SUPPLY TYPES 



NOTE: All Resistors are 1/2W. 

FIGURE 34. TEMPERATURE CONTROLLER 





CA3094, CA3094A, CA3094B 


Typical Applications (Continued) 


V+ INPUT 
(NOTE 1) 



-t-ISV REQ. 
OUTPUT 


-15V REG. 
OUTPUT 


1. V+ Input Range = 19V to 30V for 15V output 

2. V- Input Range = -16V to -30V for -15V output 


RETURN* *OUT = ±100mA 

4. Regulation: 


Max Line = -p---^i^-L^^xlOO = 0.075%/V 


OUT 

Max. Load = -- - x 100 = 0.075% V^, 

(IL from 1 mA to 50mA) 



FIGURE 35. DUAL VOLTAGE TRACKING REGULATOR 



CIRCUIT TRIPS ON POSITIVE 
PEAKS WILL SWITCH WITHIN 
1.5 CYCLES \ 


. 


60mV 

TYPICAL 


GROUND FAULT 
SIGNAL 60Hz 


VOLTAGE BETWEEN 
TERMINALS 2 AND 4 

- VOLTAGE BETWEEN 
TERMINALS 3 AND 4 
(ADJUSTABLE WITH 
Rtbip) 


1. Differential current sensor provides 60mV signal» 5mA of unbal- 
CIRCUrr ance (Trip) current 

BREAKER 

CONTROL 2. All Resistors are 1/2 Watt, ±10% 

SOLENOID g selected for 3dB point at 200Hz 

4. C 2 = AC by-pass 

5. Offset adj. included in Rmip 

6. input impedance from 2 to 3 ~ SOOkO 

iko 0.001 pF 7. With no input signal Terminal 8 (output) at 36V 

FIGURE 36. GROUND FAULT INTERRUPTER (GFI) AND WAVEFORMS PERTINENT TO GROUND FAULT DETECTOR 
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CA3094, CA3094A, CA3094B 


Typical Applications (Continued) 


(ccJ) 


D1 -D41N5391 


L0.001^F 56000^ 


= 0.001 jiF 


NPUT 

-1 

p. 


aur 


M40.7. 




CA3094B^>^HAr" 
. « LEAD 

U) TO^ 


^ T.. r- 




THERMAL 

COMPENSATION 

NETWORK* 


X4700 


:330a 22Q 


► ^2 JL 

►i.8Mn ■=■ 


STANCOR 
NO. P-8609 
OR EQUIVALENT 
(120VACTO 
26.8VCTat1A) 


2SnF ,1^ 


I lOOkQ “CUT" lOkQ 
^ (CCW) 

“BOOST” 

(CW) BASS 


•OPTIONAL THERMAL 
COMPENSATION 
NETWORK 


TYPICAL PERFORMANCE DATA 
For 12W Audio Amplifier Circuit 

Power Output (8Q load, Tone Control set at “Flaf) 

Music (at 5% THD, regulated supply).15W 

Continuous (at 0.2% IMD, 60Hz and 2kHz 
mixed in a 4:1 ratio, unregulated supply) 

See Figure 8 in AN6048. 12W 

Total Harmonic Distortion 

At 1W, unregulated supply.0.05% 

At 12W, unregulated supply.0.57% 

Voltage Gain.40dB 

Hum and Noise (below continuous power output).83dB 

Input Resistance.250kQ 

Tone Control Range.See Figure 9 in AN6048 


1. For standard input Short Cg,’ Ri = 250kU C^ = 0.047pF; remove Rg 

2. For ceramic cartridge input C i = 0.0047pF, R^ = 2.5MQ, remove 
jumper from C 2 ; leave R 2 


FIGURE 37. 12W AUDIO AMPLIFIER CIRCUIT FEATURING TRUE COMPLEMENTARY SYMMETRY OUTPUT STAGE WITH CA3094 
IN DRIVER STAGE 
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CA3100 


March 1993 


Features 

• High Open Loop Gain at Video 

Frequencies.42dB (Typ.) at 1MHz 

• High Unity Gain 

Crossover Frequency (fj).38MHz (Typ.) 

• Wide Power Bandwidth 

Vq = 18Vp-p.1.2MHz(Typ.) 

• High Siew Rate 

- 20dB Ampiifier.70V/^lS (Typ.) 

- Unity Gain Ampiifier.25V/|is (Typ.) 

• Fast Settiing Time.0.6^s (Typ.) 

• High Output Current.±15mA Min. 

• Single Capacitor Compensation 

• Offset Null Terminals 

Applications 

• Video Amplifiers 

• Fast Peak Detectors 

• Meter Driver Amplifiers 

• High Frequency Feedback Amplifiers 

• Video Pre-Drivers 

• Oscillators 

• Multivibrators 

• Voltage Controlled Oscillator 

• Fast Comparators 


Wideband Operational Amplifier 


Description 

The CA3100 is a large signal wideband, high speed opera¬ 
tional ampiifier which has a unity gain cross over frequency 
(fj) of approximately 38MHz and an open loop, 3dB corner 
frequency of approximately 110kHz. It can operate at a total 
supply voltage of from 14V to 36V (±7V to ±18V when using 
split supplies) and can provide at least 18Vp.p and 30mAp.p 
at the output when operating from ±15V supplies. "Die 
CA3100 can be compensated with a single external capaci¬ 
tor and has DC offset adjust terminals for those applications 
requiring offset null. (See Figure 14). 

The CA3100 circuit contains both bipolar and PMOS transis¬ 
tors on a single monolithic chip.. 



Ordering Information 


PART 

NUMBER 


CA3100M96 


TEMPERATURE 

RANGE 

-45°C to +85®C 

-45°C to +85°C 

-45°C to +85°C 

-55°C to +125°C 


* Denotes Tape and Reel 


8 Lead Plastic DIP 
8 Lead SOIC 


8 Lead SOIC* 


Pinouts 


OFFSET fi 
NULL L- 
INV, fT 
INPUT L- 

NON-INV. IT 
INPUT »— 

wF 


CA3100 
(PDIP, SOIC) 

TOP VIEW 

WASE C^PENSATK^ 



^OUTPUT 

\t\ offset 
P^NULL 


CA3100 
(CAN) 
TOP VIEW 


PHASE 

COMPAND ^ 
OFFSET NULL W 


NON-INV. (3) 
INPUT ^ 


PHASE 
COMP TAB 


(y OUTPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 n -tn-t 
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Specifications CA3100 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage (Between V+ and V- Terminals).36V Operating Temperature Range: 


Differential Input Voltage.12V 

Input Voltage to Ground (Note 1).±15V 


E and M Types.-40°C to +85°C 

S and T Types.-55®C to +125®C 


Offset Terminal to V- Terminal Voltage..±0.5V Storage Temperature Range.-65°C to +150°C 

Output Current (Note 2).50mA 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any otiier conditions above those indicated in the opera^nai sections of this specificatbn is not implied. 


Electrical Specifications, at T^ = +25°C, Supply voltage (V-f, V-) = ±15V, unless Othenvise Specified 































































































































Specifications CA3100 


Electrical Specifications, at = +25°C, Supply voltage (V+, V-) = ±15V, unless otherwise Specified (Continued) 

UMiri 

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX UNITS 

DYNAMIC (Continued) 

Wideband Noise Voltage Referred to e^ (Total) BW=: 1MHz, Rs=: IkO - 8 - 

Input 

Settling Time (To Within ±50 mV of 9V ts Rl - 2kn, Cl = 20pF - 0.6 - , ps 

Output Swing) 

NOTES: 

1. If the supply voltage is less than ± 15V, the maximum input voltage to ground is equal to the supply voltage. 

2. CA3100 does not contain circuitry to protect against short circuits in the output. 

3. Low frequency dynamic characteristic. 
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VOLTAGE GAIN (dB) 


CA3100 
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CA3100 


Typical Performance Curves (continued) 


Test Circuits 



0 ±2.5 ±5 ±7.5 ±10 ±12.5 ±15 ±17.5 ±20 

SUPPLY VOLTAGE (V) 

FIGURE 13. INPUT BIAS CURRENT vs SUPPLY VOLTAGE 


AOL-I^ll^ 


ICA3100X61 


ICASIOO'X6) 




1 0XL ^ n.. 

- JL \ - - Vo = 0±0.1Vdc tn^lOns Y' rp 

SETV.TOGIVE J I <Rx10kn t^DTH 2kQ uFT pF 

DESIRED Vo LEVEL L-J— I < h-VA— —_ _ 
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FIGURE 17. WIDEBAND INPUT NOISE VOLTAGE TEST CIRCUIT 
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Test Circuits (Continued) 
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RENT SWING Oom) test circuit 


Typical Applications 
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SEMICONDUCTOR 


CA3130 


April 1993 


BiMOS Operational Amplifier 
with MOSFET Input/CMOS Output 


Features 

• MOSFET Input Stage Provides: 

- VeryHlghZ| = 1.5TO(1.5x10^2Q)-|yp 

- Very Low l| s 5pA Typ. at 15V Operation 

s 2pA Typ. at 5V Operation 

• Ideal for Single-Supply Applications 

• Common-Mode Input-Voltage Range Includes Nega¬ 
tive Supply Rail; Input Terminals can be Swung 0.5V 
Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or both) Supply Ralls 

Applications 

• Ground-Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long-Duration TImers/Monostables 

• HIgh-Input-Impedance Comparators 
(Ideal Interface with Digital CMOS) 

• High-Input-Impedance Wideband Amplifiers 

• Voltage Followers (e.g. Follower for Single-Supply D/A 
Converter) 

• Voltage Regulators (Permits Control of Output Voltage 
Down to Zero Volts) 

• Peak Detectors 

• Single-Supply Full-Wave Precision Rectifiers 

• Photo-Diode Sensor Amplifiers 


Description 

CA3130A and CA3130 are integrated-circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. 

Gate-protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very-high-input imped¬ 
ance, very-low-input current, and exceptional speed perfor¬ 
mance. The use of PMOS field-effect transistors in the input 
stage results in common-mode input-voltage capability down 
to 0.5 volt below the negative-supply terminal, an Important 
attribute in single-supply applications. 

A complementary-symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within 10 millivolts 
of either supply-voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

The CA3130 Series circuits operate at supply voltages rang¬ 
ing from 5 to 16 volts, or ±2.5 to ±8 volts when using split 
supplies. They can be phase compensated with a single 
external capacitor, and have terminals for adjustment of off¬ 
set voltage for applications requiring offset-null capability. 
Terminal provisions can also made to permit strobing of the 
output stage. 

The CA3130A offers superior input characteristics over 
those of the CA3130. 


Pinouts 


CA3130, CA3130A 
(PDIP, SOIC) 
TOP VIEW 



M OFFSET 
NULL 


CA3130,CA3130A 

(CAN) 

TOP VIEW 

PHASE 

COMPENSATION TAB STROBE 


INV. W 
INPUT T 


NON-INV. (3) 
INPUT ^ 


f 5J OFFSET 
^ NULL 


y AND CASE 


Ordering Information 


PART 

NUMBER 


TEMP. 

RANGE PACKAGE 


CA3130AE -SS^Cto+iasoC SLeadPDIP 


CA3130AM -55°Cto+125®C SLeadSOIC 


CA3130AM96 -55°Cto+125°C BLeadSOIC* 


CA3130AT -55®C to +1250C 8 Pin CAN 


CA3130BT -55®Cto+125®C SPinCAN 


-55°C to +125°C 8 Lead PDIP 


CA31 SOM -55°C to +125®C 8 Lead SOIC 


CA3130M96 -65°C to +125°C 


-55°Cto+125°C 


* Denotes Tape and Reel 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 o mo 


File Number 817.2 







































Specifications CA3130, CA3130A 


Absolute Maximum Ratings Operating Conditions 

DC Supply Voltage (Between V*" And V Terminals).16V Operating Temperature Range (All Types).-55°C to +125°C 

Differential-Mode Input Voltage.8V Storage Temperature Range(AII Types).-65°C to +150°C 

DC Input Voltage.(V+ +8 V) to (V -0.5V) 

Input-Terminal Current. 1mA 

Device Dissipation: 

Without Heat Sink- 

Up To 55°C .630 mW 

Above 55°C.Derate Linearly 6.67 mW/°C 

With Heat Sink- 

Up To 90°C .1W 

Above 90°C.Derate Linearly 16.7 mW/°C. 

Output Short-Circuit Duration (Note 1).Indefinite 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Ta = +25°C, V+ = 1SV, V- = OV (Unless otherwise Specified) 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Large-Signal Voltage Gain 


Comnx)n-Mode 
Rejection Ratio 


Common-Mode Input 
Voltage Range 


Power-Supply 
Rejection Ratio 


Maximum Output Voltage 


Maximum Output Current 


Supply Current 


Input Offset Voltage 
Temperature Drift 



1. Short circuit may be applied to ground or to either supply. 
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Specifications CA3130, CA3130A 


Electrical Specifications lyplcal Values intended Only for Design Guidance, V+ = +7.5V, V- = -7.5V. Ta = +25°C 
(Unless Otherwise Specified) 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

CA3130A, 

CA3130 

UNITS 

input Offset Voltage Adjustment Range 


10kO Across Terms. 4 and 5 or 

4 and 1 

±22 

mV 

Input Resistance 

Ri 


1.5 

TQ 

input Capacitance 

c, 

f = 1MHz 

4.3 

PF 

Equivalent input Noise Voltage 

Qn 

BW = 0.2MHz, Rs=1MO* 

23 

pV 

Unity Gain Crossover Frequency 

h 

O 

o 

ii 

o 

15 

MHz 


Cc = 47pF 

4 

MHz 

Slew Rate: 

SR 




Open Loop 


o 

ti 

o 

O 

30 

V/ps 

Closed Loop 


Cc = 56pF 

10 

V/ps 

Transient Response: 

Rise Time 


Cc — 56pF, 

Cl = 25pF, 

Rl = 2kW 
(Voltage Follower) 

0.09 

MS 

Overshoot 

OS 

10 

% 

Settling Time (To <0.1%, V|n = 4Vp.p) 

ts 


1.2 

MS 


* Although a 1MO source is used for this test, the equivalent input noise remains constant for values of Rs up to 10MQ. 


Electrical Specifications Typical values intended Only for Design Guidance, V+ 5V, V- == OV, Ta = +25^0 
(Unless Otherwise Specified) 
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PMOS transistors Q3 and Q5. The source of bias potentials 
for these PMOS transistors is subsequently described. Miller 
Effect compensation (roll>off) is accomplished by simply con> 
necting a small capacitor between Terms. 1 and 8. A 47> 
picofarad capacitor provides sufficient compensation for sta¬ 
ble unity-gain operation in most applications. 

Bias-Source Circuit 

At total supply voltages, somewhat above 8.3 volts, resistor 
R2 and zener diode Z1 serve to establish a voltage of 8.3 volts 
across the series-connected circuit, consisting of resistor R1. 
diodes D1 through D4, and PMOS transistor Q1. A tap at the 
junction of resistor R1 and diode D4 provides a gate-bias 
potential of about 4.5 volts for PMOS transistors Q4 and Q5 
with respect to Term. 7. A potential of about 2.2 volts is devel¬ 
oped across diode-connected PMOS transistor 01 with 
respect to Term. 7 to provide gate bias for PMOS transistors 
02 and 03. It should be noted that 01 is “mirror-connected”* 
to both 02 and 03. Since transistors 01, 02, 03 are 
designed to be identical, the approximately 200-microampere 
current in 01 establishes a similar current in 02 and 03 as 
constant current sources for both the first and second ampli¬ 
fier stages, respectively. 

At total supply voltages somewhat less than 8.3 volts, zener 
diode Z1 becomes nonconductive and the potential, devel¬ 
oped across series-connected R1, D1-D4, and 01, varies 
directly with variations in supply voltage. Consequently, the 
gate bias for 04, 05 and 02, 03 varies in accordance with 
supply-voltage variations. This variation results in deteriora¬ 
tion of the power-supply-rejection ratio (PSRR) at total sup¬ 
ply voltages below 8.3 volts. Operation at total supply 
voltages below about 4.5 volts results in seriously degraded 
performance. 

Output Stage 

The output stage consists of a drain-loaded inverting ampli¬ 
fier using CMOS transistors operating in the Class A mode. 
When operating into very high resistance loads, the output 
can be swung within millivolts of either supply rail. Because 
the output stage is a drain-loaded amplifier, its gain is 
dependent upon the load impedance. The transfer charac¬ 
teristics of the output stage for a load returned to the nega¬ 
tive supply rail are shown in Figure 5. Typical op-amp loads 
are readily driven by the output stage. Because large-signal 
excursions are non-linear, requiring feedback for good wave¬ 
form reproduction, transient delays may be encountered. As 
a voltage follower, the amplifier can achieve 0.01 percent 
accuracy levels, including the negative supply rail. 

* For general information on the characteristics of CMOS transistor- 
pairs in linear-circuit applications, see File Number 619, data bulle¬ 
tin on CA3600E “CMOS Transistor Array". 



OFFSET (WHEN REQUIRED) 
NULL 


TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) s 15V 

“WITH INPUT TERMINALS BIASED SO THAT TERM. 6 POTENTIAL 
IS •►7.5V ABOVE TERM. 4. 

““WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAIL 


FIGURE 2. BLOCK DIAGRAM OF THE CA3130 SERIES 
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1 X LOAD RESISTANCE (RJ x oo 

2 X C|^ X 30pF, Cc «15pF, R|. x 2I(Q 

3 X Cl. X 30pF, Cc > 47pF, R|. x 2ka 

4 X Cl » 30pF, Cc * 150pF, Rl = 2kQ 


FIGURE 3. OPEN-LOOP VOLTAGE GAIN AND PHASE SHIFT 
vs FREQUENCY 
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Input Current Variation with Common Mode Input 
Voltage 

As shown in the Table of Electrical Characteristics, the input 
current for the CA3130 Series Op-Amps is typically 5pA at Ta 
= +25°C when terminals 2 and 3 are at a common-mode 
potential of +7.5 volts with respect to negative supply Terminal 
4. Figure 10 contains data showing the variation of input cur¬ 
rent as a function of common-mode input voltage at Ta = 
+25°C. These data show that circuit designers can advanta¬ 
geously exploit these characteristics to design circuits which 
typically require an input current of less than IpA, provided 
the common-mode input voltage does not exce^ 2 volts. As 
previously noted, the input current is essentially the result of 
the leakage current through the gate-protection diodes in the 
input circuit and, therefore, a function of the applied voltage. 
Although the finite resistance of the glass termlnal-to-case 
insulator of the TO-5 package also contributes an increment 
of leakage current, there are useful compensating factors. 
Because the gate-protection network functions as If it is con¬ 
nected to Terminal 4 potential, and the TO-5 case of the 
CA3130 is also internally tied to Terminal 4. input terminal 3 is 
essentially “guarded” from spurious leakage currents. 



-1 01 234567 

INPUT CURRENT (pA) 


FIGURE 10. INPUT CURRENT vs COMMON-MODE VOLTAGE 
Offset Nulling 

Offset-voltage nulling is usually accomplished with a 
100,000-ohm potentiometer connected across Terms. 1 and 
5 and with the potentiometer slider arm connected to 
Term. 4. A fine offset-null adjustment usually can be effected 
with the slider arm positioned in the mid-point of the potenti¬ 
ometer's total range. 

Input-Current Variation with Temperature 

The input current of the CA3130 Series circuits is typically 
5pA at +25°C. The major portion of this Input current is due 
to leakage current through the gate-protective diodes in the 


input circuit. As with any semiconductor-junction device. 
Including op-amps with a junction-FET input stage, the leak¬ 
age current approximately doubles for every +10^C increase 
in temperature. Figure 11 provides data on the typical varia¬ 
tion of input bias current as a function of temperature in the 
CA3130. 



TEMPERATURE CO) 


FIGURE 11. INPUT CURRENT vs AMBIENT TEMPERATURE 

In applications requiring the lowest practical input current 
and incremental Increases in current because of “warm-up” 
effects, it is suggested that an appropriate heat sink be used 
with the CA3130. In addition, when “sinking” or “sourcing” 
significant output current the chip temperature increases, 
causing an increase in the input current. In such cases, heat¬ 
sinking can also very markedly reduce and stabilize input 
current variations. 

Input-Offset-Voltage (V|o) Variation with DC Bias vs 
Device Operating Life 

It is well known that the characteristics of a MOSFET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magni¬ 
tude of the change is increased at high temperatures. Users 
of the CA3130 should be alert to the possible impacts of this 
effect If the application of the device involves extended oper¬ 
ation at high temperatures with a significant differential dc 
bias voltage applied across Terms. 2 and 3. Figure 12 shows 
typical data pertinent to shifts in offset voltage encountered 
with CA3130 devices (TO-5 package) during life testing. At 
lower temperatures (TO-5 and plastic), for example at 
+85°C, this change In voltage is considerably less. In typical 
linear applications where the differential voltage is small and 
symmetrical, these incremental changes are of about the 
same magnitude as those encountered in an operational 
amplifier employing a bipolar transistor input stage. The two- 
volt dc differential voltage example represents conditions 
when the amplifier output stage is “toggled”, e.g., as in com¬ 
parator applications. 
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(A) DUAL POWER-SUPPLY OPERATION 
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(B) SINGLE POWER-SUPPLY OPERATION 

FIGURE 13. CA3130 OUTPUT STAGE IN DUAL AND SINGLE 
POWER-SUPPLY OPERATION 


Power-Supply Considerations 

Because the CA3130 is very useful in single-supply applica¬ 
tions. it is pertinent to review some considerations relating to 
power-supply current consumption under both single-and 
dual-supply service. Figures 13A and 13B show the CA3130 
connected for both dual-and single-supply operation. 

Dual-supply Operation: When the output voltage at Term. 6 
Is zero-volts, the currents supplied by the two power supplies 
are equal. When the gate terminals of Q8 and Q12 are 
driven increasingly positive with respect to ground, current 
flow through Q12 (from the negative supply) to the load Is 
Increased and current flow through Q8 (from the positive 
supply) decreases correspondingly. When the gate terminals 
of Q8 and Q12 are driven increasingly negative with respect 
to ground, current flow through Q8 is Increased and current 
flow through Q12 is decreased accordingly. 

Single-supply Operation: Initially, let it be assumed that the 
value of Rl is very high (or disconnected), and that the input- 
terminal bias (Terms. 2 and 3) is such that the output termi¬ 
nal (No. 6) voltage is at V+/2, i.e., the voltage-drops across 
Q8 and Q12 are of equal magnitude. Figure 6 shows typical 
quiescent supply-current vs supply-voltage for the CA3130 
operated under these conditions. Since the output stage is 
operating as a Class A amplifier, the supply-current will 
remain constant under dynamic operating conditions as long 
as the transistors are operated In the linear portion of their 
voltage-transfer characteristics (see Figure 5). If either Q8 or 
Q12 are swung out of their linear regions toward cut-off (a 
non-linear region), there will be a corresponding reduction in 
supply-current. In the extreme case, e.g., with Term. 8 
swung down to ground potential (or tied to ground), NMOS 
transistor Q12 is completely cut off and the supply-current to 
series-connected transistors Q8, Q12 goes essentially to 
zero. The two preceding stages in the CA3130, however, 
continue to draw modest supply-current (see the lower curve 
in Figure 6) even though the output stage Is strobed off. Fig¬ 
ure 13A shows a dual-supply arrangement for the output 
stage that can also be strobed off, assuming R|_ = oo by pull¬ 
ing the potential of Term. 8 down to that of Term. 4. 

Let it now be assumed that a load-resistance of nominal 
value (e.g., 2 kllohms) is connected between Term. 6 and 
ground in the circuit of Figure 13B. Let It further be assumed 
again that the input-terminal bias (Terms. 2 and 3) is such 
that the output terminal (No. 6) voltage is at V+/2. Since 
PMOS transistor Q8 must now supply quiescent current to 
both Rl and transistor Q12, It should be apparent that under 
these conditions the supply-current must increase as an 
inverse function of the Rl magnitude. Figure 8 shows the 
voltage-drop across PMOS transistor Q8 as a function of 
load current at several supply voltages. Figure 5 shows the 
voltage-transfer characteristics of the output stage for sev¬ 
eral values of load resistance. 

Wideband Noise 

From the standpoint of low-noise performance consider¬ 
ations, the use of the CA3130 is most advantageous in appli¬ 
cations where in the source resistance of the input signal is 
on the order of 1 megohm or more. In this case, the total 
input-referred noise voltage is typically only 23pV when the 
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test-circuit amplifier of Figure 14 is operated at a total supply 
voltage of 15 volts. This value of total input-referred noise 
remains essentially constant, even though the value of 
source resistance is raised by an order of magnitude. This 
characteristic Is due to the fact that reactance of the Input 
capacitance becomes a significant factor in shunting the 
source resistance. It should be noted, however, that for val¬ 
ues of source resistance very much greater than 1 megohm, 
the total noise voltage generated can be dominated by the 
thermal noise contributions of both the feedback and source 
resistors. 


+7.5V 



FIGURE 14. TEST-CIRCUIT AMPLIFIER (30-dB GAIN) USED 
FOR WIDEBAND NOISE MEASUREMENTS 

Typical Applications 

Voltage Followers 

Operational amplifiers with very high Input resistances, like 
the CA3130, are particularly suited to service as voltage fol¬ 
lowers. Figure 15 shows the circuit of a classical voltage fol¬ 
lower, together with pertinent waveforms using the CA3130 
in a split-supply configuration. 

A voltage follower, operated from a single supply, is shown in 
Figure 16, together with related waveforms. This follower cir¬ 
cuit is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform In Figure 16A with 
input-signal ramping. The waveforms in Figure 16B show 
that the follower does not lose Its Input-to-output phase- 
sense, even though the Input is being swung 7.5 volts below 
ground potential. This unique characteristic is an Important 
attribute in both operational amplifier and comparator appli¬ 
cations. Figure 16B also shows the manner in which the 
CMOS output stage permits the output signal to swing down 
to the negative supply-rail potential (i.e., ground in the case 
shown). The digital-to-analog converter (DAC) circuit, 
described In the following section, illustrates the practical 
use of the CA3130 In a single-supply voltage-follower appll- 
qation. 


+7.5V 




Top Trace: Output 

Bottom Trace: Input 


(A) SMALL-SIGNAL RESPONSE (50mV/DIV. AND 200ns/DiV.) 



Top Trace: Output Signal (2V/DIV. and Sps/DIV.) 

Center Trace: Difference Signal (5mV/DIV. and Sp^DIV.) 
Bottom Trace: Input Signal (2V/DIV. and 5ps/DIV.) 

(B) INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING SET¬ 
TLING TIME (MEASUREMENT MADE WITH TEKTRONIX 
7A13 DIFFERENTIAL AMPLIFIER) 


FIGURE 15. SPLIT-SUPPLY VOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS 
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(A) OUTPUT-WAVEFORM WITH INPUT-SIGNAL RAMPING (2V/ 
DIV. AND 500HS/DIV.) 
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Top Trace: Output (5V/DIV. and 200ps/DIV.) 

Bottom Trace: Input Signal (5V/DIV. and 200 ms/DIV.) 

(B) OUTPUT WAVEFORM WITH GROUND-REFERENCE SINE- 
WAVE INPUT 

RGURE16. SINGLE-SUPPLY VOLTAGE-FOLLOWER WITH 

ASSOCIATED WAVEFORMS, (e.g., FOR USE IN SIN¬ 
GLE-SUPPLY D/A CONVERTER; SEE RGURE 9 IN 
AN6080) 


9-Bit COS/MOS DAC 

A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Figure 17 This system combines the concepts of 
multiple-switch CMOS IC's, a low-cost ladder network of dis¬ 
crete metal-oxide-film resistors, a CA3130 op-amp con¬ 
nected as a follower, and an inexpensive monolithic 
regulator in a simple single power-supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS Input logic, e.g., 10-volt logic levels are used in 
the circuit of Figure 17. 

The circuit uses an R/2R voltage-ladder network, with the 
output potential obtained directly by terminating the ladder 
arms at either the positive or the negative power-supply ter¬ 
minal. Each CD4007A contains three “inverters”, each 
“inverter functioning as a single-pole double-throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of one percent tolerance metal-oxide film resistors. 
The five arms requiring the highest accuracy are assembled 
with series and parallel combinations of 806,000-ohm resis¬ 
tors from the same manufacturing lot. 

A single 15-volt supply provides a positive bus for the 
CA3130 follower amplifier and feeds the CA3085 voltage 
regulator. A “scale-adjust” function is provided by the regula¬ 
tor output control, set to a nominal 10-volt level in this sys¬ 
tem. The line-voltage regulation (approximately 0.2%) 
permits a 9-bit accuracy to be maintained with variations of 
several volts in the supply. The flexibility afforded by the 
COS/MOS building blocks simplifies the design of DAC sys¬ 
tems tailored to particular needs. 

Single-Supply, Absolute-Value, Ideal Full-Wave Rectifier 

The absolute-value circuit using the CA3130 is shown in Figure 
18. During positive excursions, the input signal is fed through 
the feedback network directly to the output. Simultaneously, the 
positive excursion of the input signal also drives the output ter¬ 
minal (No. 6) of the Inverting amplifier in a negative-going 
excursion such that the 1N914 diode effectively disconnects the 
amplifier from the signal path. During a negative-going excur¬ 
sion of the Input signal, the CA3130 functions as a normal 
inverting amplifier with a gain equal to -R2/R1. When the equal¬ 
ity of the two equations shown in Figure 18 is satisfied, the full- 
wave output is symmetrical. 

Peak Detectors 

Peak-detector circuits are easily Implemented with the 
CA3130, as illustrated in Figure 19 for both the peak-positive 
and the peak-negative circuit. It should be noted that with 
large-signal Inputs, the bandwidth of the peak-negative cir¬ 
cuit Is much less than that of the peak-positive circuit. The 
second stage of the CA3130 limits the bandwidth In this 
case. Negative-going output-signal excursion requires a pos¬ 
itive-going signal excursion at the collector of transistor Q11, 
which is loaded by the intrinsic capacitance of the associ¬ 
ated circuitry In this mode. On the other hand, during a neg¬ 
ative-going signal excursion at the collector of Q11, the 
transistor functions in an active “pull-down” mode so that the 
intrinsic capacitance can be discharged more expeditiously. 
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10V LOGIC INPUTS 
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FIGURE 17. 18-9-BIT DAC USING CMOS DIGITAL SWITCHES AND CA3130 
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R3 = 4kQ(-^) = 6kO 



Top Trace: Output Signal (2V/cllv.) 

Bottom Trace: Input Signal (1 OV/dIv.) 

Time base on both traces: 0.2ms/div. 


20VP-P Input: BW(-3dB) = 230kHz, DC Output (Avg.) = 3.2V 
IVp-p Input: BW(-3dB) = 130kHz, DC Output (Avg.) = 160mV 

FIGURE 18. SINGLE-SUPPLY, ABSOLUTE-VALUE, IDEAL FULL-WAVE RECTIFIER WITH ASSOCIATED WAVEFORMS 
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6 Vp.p INPUT; 
BW(-3dB)« 1.3MHz 
0.3Vp.p INPUT; 
BW(-3dB)« 240kHz 


JUTJl. 


6Vp.p INPUT; 
BW(-3dB) - 360kHz 
0.3Vp.p INPUT; 





BW(-3dB)«320kHz 
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(A) PEAK POSITIVE DETECTOR CIRCUIT 


(B) PEAK NEGATIVE DETECTOR CIRCUIT 


FIGURE 19. PEAK-DETECTOR CIRCUITS 
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ADJUST 


REGULATION (NO LOAD TO FULL LOAD): < 0.01% 

INPUT REGULATION: 0.02%/V 

HUM AND NOISE OUTPUT: < 25^V UP TO 100kHz 


FIGURE 20. VOLTAGE REGULATOR CIRCUIT (0 TO 13V AT 40mA) 
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REGULATION (NO LOAD TO FULL LOAD): < 0.005% 

INPUT REGULATION: 0.01 %/V 

HUM AND NOISE OUTPUT: < 250^7 RMS UP TO 100kHz 


FIGURE 21. VOLTAGE REGULATOR CIRCUIT (0.1 TO 50V AT 1 A) 








CA3130, CA3130A 


Error-Amplifier in Reguiated-Power Supplies 

The CA3130 is an ideal choice for error-amplifier service In 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
approach zero. Figure 20 shows the schematic diagram of a 
40mA power supply capable of providing regulated output 
voltage by continuous adjustment over the range from 0 to 
13 volts. Q3 and Q4 In IC2 (a CA3086 transistor-array IC) 
function as zeners to provide supply-voltage for the CAS 130 
comparator (IC1). Q1, Q2, and Q5 in IC2 are configured as a 
low impedance, temperature-compensated source of adjust¬ 
able reference voltage for the error amplifier. Transistors Q1, 
Q2, Q3, and Q4 in ICS (another CA3086 transistor-array IC) 
are connected in parallel as the series-pass element. Tran¬ 
sistor Q5 in ICS functions as a current-limiting device by 
diverting base drive from the series-pass transistors, in 
accordance with the adjustment of resistor R2. 

Figure 21 contains the schematic diagram of a regulated 
power-supply capable of providing regulated output voltage 
by continuous adjustment over the range from 0.1 to 50 volts 
and currents up to 1 ampere. The error amplifier (IC1) and 
circuitry associated with IC2 function as previously 
described, although the output of IC1 Is boosted by a dis¬ 
crete transistor (Q4) to provide adequate base drive for the 
Darlington-connected series-pass transistors Q1, Q2. Tran¬ 
sistor Q3 functions in the previously described current-limit¬ 
ing circuit. 

Multivibrators 

The exceptionally high input resistance presented by the 
CA3130 is an attractive feature for multivibrator circuit 
design because it permits the use of timing circuits with high 
R/C ratios. The circuit diagram of a pulse generator (astable 
multivibrator), with provisions for independent control of the 
“on” and “off” periods. Is shown in Figure 22. Resistors R1 
and R2 are used to bias the CA3130 to the mid-point of the 
supply-voltage and R3 is the feedback resistor. The pulse 
repetition rate is selected by positioning SI to the desired 
position and the rate remains essentially constant when the 
resistors which determine “on-perlod” and “off-period” are 
adjusted. 

Function Generator 

Figure 23 contains a schematic diagram of a function gener¬ 
ator using the CA3130 in the integrator and threshold detec¬ 
tor functions. This circuit generates a triangular or square- 
wave output that can be swept over a 1,000,000:1 range (0.1 
Hz to 100 kHz) by means of a single control, R1. A voltage- 
control Input is also available for remote sweep-control. 

The heart of the frequency-determining system is an opera- 
tional-transconductance-amplifier (OTA)*, IC1, operated as a 
voltage-controlled current-source. The output, Iq, is a current 
applied directly to the integrating capacitor, Cl, in the feed¬ 
back loop of the integrator IC2, using a CA3130, to provide 
the triangular-wave output. Potentiometer R2 is used to 
adjust the circuit for slope symmetry of positive-going and 
negative-going signal excursions. 


Another CA3130, IC3, is used as a controlled switch to set 
the excursion limits of the triangular output from the Integra¬ 
tor circuit. Capacitor C2 is a “peaking adjustment” to opti¬ 
mize the high-frequency square-wave performance of the 
circuit. 

Potentiometer R3 Is adjustable to perfect the “amplitude 
symmetry” of the square-wave output signals. Output from 
the threshold detector is fed back via resistor R4 to the input 
of IC1 so as to toggle the current source from plus to minus 
in generating the linear triangular wave. 

Operation with Output-Stage Power-Booster 

The current-sourcing and-sinking capability of the CA3130 
output stage is easily supplemented to provide power-boost 
capability. In the circuit of Figure 24, three CMOS transistor- 
pairs In a single CA3600E* IC array are shown parallel con¬ 
nected with the output stage in the CA3130. In the Class A 
mode of CA3600E shown, a typical device consumes 20 mA 
of supply current at 15V operation. This arrangement boosts 
the current-handling capability of the CA3130 output stage 
by about 2.5X. 

The amplifier circuit in Figure 24 employs feedback to estab¬ 
lish a closed-loop gain of 48 dB. The typical large-signal 
bandwidth (-3dB) is 50 kHz. 

* See File Number 619 for technical Information. 


ON-PERIODJ 
ADJUST 2 
IMfl 'I 


J OFF-PERIOD 
^ADJUST 

> ma 


ro.01jiF 'T 0.001 jiF 


FREQUENCY RANGE: 


0.001 nF 4|iSto1ms 
0.01 ^iF 40ns to 10ms 
0.1 nF 0.4ns to 100ms 
inF 4ns to Is 

FIGURE 22. PULSE GENERATOR (ASTABLE MULTIVIBRATOR) 
WITH PROVISIONS FOR INDEPENDENT CON¬ 
TROL OF “ON” AND “OFF” PERIODS. 
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R4 



* SEE FILE NUMBER 475 AND AN6668 
FOR TECHNICAL INFORMATION 


FIGURE 23. FUNCTION GENERATOR (FREQUENCY CAN BE VARIED 1,000,000/1 WITH A SINGLE CONTROL). 


+15V 



FIGURE 24. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA3130. 







Features 

• MOSFET Input Stage 

- Very High Input Impedance (Z|f^) -1.570 (Typ.) 

- Very Low Input Current (l|) -lOpA (Typ.) at ±15V 

- Wide Common Mode Input Voltage Range 
(VICR) - Can be Swung 0.5V Below Negative 
Supply Voltage Rail 

- Output Swing Complements Input Common 
Mode Range 

• Directly Replaces Industry Type 741 in Most 
Applications 

Applications 

• Ground-Referenced Single Supply Amplifiers in 
Automobile and Portable Instrumentation 

• Sample and Hold Amplifiers 

• Long Duration Timers/Multivibrators 
(^seconds-Minutes-Hours) 

• Photocurrent Instrumentation 

• Peak Detectors 

• Active Filters 

• Comparators 

• Interface In 5V TTL Systems and Other Low 
Supply Voltage Systems 

• All Standard Operational Amplifier Applications 

• Function Generators 

• Tone Controls 

• Power Supplies 

• Portable Instruments 

• Intrusion Alarm Systems 


Description 

The CA3140A and CA3140 are integrated circuit operational amplifiers 
that combine the advantages of high voltage PMOS transistors with 
high voitage bipoiar transistors on a single monolithic chip. Because of 
this unique combination of technologies, this device can now provide 
designers, for the first time, with the special performance features of 
the CA3130 CMOS operational amplifiers and the versatility of the 741 
series of industry standard operational amplifiers. 

The CA3140A and CA3140 BiMOS operational amplifiers feature gate 
protected MOSFET (PMOS) transistors in the input circuit to provide 
very high input impedance, very low input current, and high speed per¬ 
formance. The CA3140A and CA3140 operate at supply voltage from 
4V to 36V (either single or dual supply). These operational amplifiers 
are internally phase compensated to achieve stable operation in unity 
gain follower operation, and additionally, have access terminal for a 
supplementary external capacitor if additional frequency roll-off is 
desired. Terminals are also provided for use in applications requiring 
input offset voltage nulling. The use of PMOS field effect transistors in 
the input stage results in common mode input voitage capability down 
to 0.5V below the negative supply terminal, an Important attribute for 
single supply applications. The output stage uses bipolar transistors 
and Includes built-in protection against damage from load terminal 
short circuiting to either supply rail or to ground. 

The CA3140 Series has the same 8-lead pinout used for the “741” and 
other Industry standard op amps. The CA3140A and CA3140 are 
Intended for operation at supply voltages up to 36V (±18V). 

Ordering Information _ 


PARTNUMBER 

TEMP. RANGE 

PACKAGE 

CA3140AE 

-55°C to +125°C 

8 Lead Plastic DIP 

CA3140AM 

-55°C to +125°C 

8 Lead SOIC 

CA3140AS 

-55°C to +125®C 

8 Pin Can, Lead Formed 

CA3140AT 

-55°C to +125°C 

8 Pin Can 

CA3140BT 

-55®C to +125°C 

8 Pin Can 

CA3140E 

-55°C to +125°C 

8 Lead Plastic DIP 

CA3140M 

-55°C to +125°C 

8 Lead SOIC 

CA3140M96 

-55°C to +125*^0 

8 Lead SOIC" 

CA3140T 

-55°C to +125°C 

8 Pin Can 



Denotes Tape and I 


Pinouts 


CA3140 (TO-5 STYLE CAN) 
TOP VIEW 


CA3140 (PDIP, SOIC) 
TOP VIEW 


OFFSET rrf 
NULL^ 

INV.(2)^ 

INPUT V r 

NON-INV. 

INPUT 


m OFFSET 
NULL 


INV. INPUT 


NON-INV. I 
INPUT I 


V- AND CASE 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 o i oo 
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Specifications CA3140, CA3140A 


Absolute Maximum Ratings Operating Conditions 

DC Supply Voltage (Between V+ and V- Terminals).36V OperatIngTemperature Range (All Types).-55°C to +125°C 

Differential Mode Input Voltage.....8V Storage Temperature Range (All Types).-65°C to +150®C 

DC Input Voltage.(V+ +8V) To (V- -0.5V) 

Input Terminal Current..1mA 

Output Short Circuit Duration *. Indefinite 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.). +300°C 

* Short circuit may be applied to ground or to either supply. 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not inplied. 


Electrical Specifications v+ = +15V, v- = -15V, Ta * +25®c 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

CA3140A 

CA3140 


Input Offset Voltage Adjustment Resistor 


Input Resistance 


Input Capacitance 


Output Resistance 


Equivalent Wideband Input Noise Voltage 
(See Rgure 35) 


Equivalent Input Noise Voltage (See Figure 7) 


Short Circuit Current to Opposite Supply 
Source 


Sink 


Gain-Bandwidth Product, (See Figures 2 & 15) 


Slew Rate, (See Figure 3) 


Sink Current From Terminal 8 To Terminal 4 to Swing 
Output Low 


Transient Response: 
Rise Time 


Overshoot (See Figure 34) 


Settling Time at 10 Vp^, (See Figure 14) 
ImV 


lOmV 



Typical Value of Resistor 
Between Term. 4 and 5 or 4 
and 1 to Adjust Max. V|o 







RL = 2kQ 
Cl = lOOpF 
Voltage Follower 
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Specifications CA3140, CA3140A 


Electrical Specifications For Equipment Design. At V-t- = 15V, V- - 15V, Ta = -l•25°C, Unless Otherwise Specified 


PARAMETERS 

SYMBOL 

LIMITS 

UNITS 

CA3140A 

CA3140 


TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

IV,ol 

- 

2 

5 

- 

5 

15 

mV 

input Offset Current 

ll|ol 

■1 

0.5 

20 

- 

0.5 

30 

pA 

Input Current 

li 

- 

10 

40 

- 

10 

50 

pA 

Large Signal Voltage Gain (Note 1) 
(See Figures 1,15) 

Adl 

20 

100 

- 

20 

100 

- 

kV/V 

86 

100 

- 

86 

100 

- 

dB 

Common Mode Rejection Ratio 
(See Figure 6) 

CMRR 

- 

32 

320 

- 

32 

320 

pVA^ 

70 

90 

- 

70 

90 

- 

dB 

Common Mode Input Voltage Range 
(See Figure 17) 

DC 

O 

> 

-15 

-15.5 

to 

+12.5 

12 

-15 

-15.5 

to 

+12.5 

11 

V 

Power-Supply Rejection Ratio, 
AV|o/AVs (See Figure 8) 

PSRR 

- 

100 

150 

- 

100 

150 

pV/V 

76 

80 

- 

76 

80 

- 

dB 

Max. Output Voltage (Note 2) 

(See Figures 10,17) 

VoM+ 

+12 

13 

- 

+12 

13 

- 

mm 

VoM- 

-14 

-14.4 

- 

-14 

-14.4 

- 

V 

Supply Current (See Figure 4) 

1+ 

- 

4 

6 

- 

n 

6 

mA 

Device Dissipation 

Pd 

- 

120 

180 

- 

120 

180 

mW 

Input Offset Voltage Temp. Drift, 
AV|o/AT 


■ 

6 

■ 

■ 

8 

■ 

pV/°C 


NOTES: 

1. At Vo = 26Vp^, +12V, 14V and Rl = 2ka 

2. At Rl = 2kQ. 


Electrical Specifications For Design Guidance. At V+ = 5 V, V- = OV, Ta = +25°C 


PARAMETERS 

SYMBOL 

CA3140A 

CA3140 

UNITS 

Input Offset Voltage 

IViol 

2 

5 

mV 

Input Offset Current 

myii 

0.1 

0.1 

pA 

Input Current 


2 

2 

pA 

Input Resistance 

Ri 

1 

1 

JQ 

































































































































Specifications CA3140, CA3140A 


Electrical Specifications For Design Guidance. At v+ = 5 V. V- = ov, Ta = +2s°c (Continued) 


PARAMETERS 

SYMBOL 

CA3140A 

CA3140 

UNITS 

Large Signal Voltage Gain 
(See Figures 1,15) 

Adl 

100 

100 

kV/V 


100 

100 

dB 

Common Mode Rejection Ratio, 

CMRR 

32 

32 

pVA/ 



90 

90 

dB 

Common Mode Input Voltage Range (See Figure 17) 


-0.5 

-0.5 

V 


■■ 

2.6 

2.6 

V 

Power Supply Rejection Ratio 

PSRR 

AV,o/AVs 

100 

100 

\iS/N 


80 

80 

dB 

Maximum Output Voltage (See Figures 10,17) 

VoM+ 

3 

3 

V 


imyn 

0.13 

0.13 

V 

Maximum Output Current: 





Source 

IOM+ 

10 

10 

mA 

Sink 

‘OM- 

1 

1 

mA 

Slew Rate (See Figure 3) 

SR 

7 

7 

V/ps 

Gain-Bandwidth Product (See Figure 2) 

h 

3.7 

3.7 

MHz 

Supply Current (See Figure 4) 

1+ 

1.6 

1.6 

mA 

Device Dissipation 

Pp 

8 

8 

mW 

Sink Current from Term. 8 to Term. 4 to Swing Output Low 


200 

200 

pA 
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CA3140A, CA3140 


Circuit Description 

As Shown in the block diagram, the Input terminals may be 
operated down to 0.5V below the negative supply rail. Two 
class A amplifier stages provide the voltage gain, and a 
unique class AB amplifier stage provides the current gain 
necessary to drive low-impedance loads. 

A biasing circuit provides control of cascoded constant 
current flow circuits in the first and second stages. The 
CA3140 includes an on chip phase compensating capacitor 
that Is sufficient for the unity gain voltage follower 
configuration. 

Input Stages 

The schematic diagram consists of a differential Input stage 
using PMOS field-effect transistors (Q9, Q10) working into a 
mirror pair of bipolar transistors (Q11, Q12) functioning as 
load resistors together with resistors R2 through R5. The 
mirror pair transistors also function as a dlfferential-to-single- 
ended converter to provide base current drive to the second 
stage bipolar transistor (Q13). Offset nulling, when desired, 
can be effected with a 10kO potentiometer connected across 
terminals 1 and 5 and with its slider arm connected to 
terminal 4. Cascode connected bipolar transistors Q2, Q5 
are the constant current source for the input stage. The base 
biasing circuit for the constant current source is described 
subsequently. The small diodes D3, D4, D5 provide gate 
oxide protection against high voltage transients, e.g., static 
electricity. 

Second Stage 

Most of the voltage gain in the CA3140 Is provided by the 
second amplifier stage, consisting of bipolar transistor Q13 
and its cascode connected load resistance provided by 
bipolar transistors Q3, Q4. On-chip phase compensation, 
sufficient for a majority of the applications is provided by C1. 
Additional Miller-Effect compensation (roll off) can be 
accomplished, when desired, by simply connecting a small 
capacitor between terminals 1 and 8. Terminal 8 is also used 
to strobe the output stage into quiescence. When terminal 8 
Is tied to the negative supply rail (terminal 4) by mechanical 
or electrical means, the output terminal 6 swings low, i.e., 
approximately to terminal 4 potential. 

Output Stage 

The CA3140 Series circuits employ a broad band output 
stage that can sink loads to the negative supply to 
complement the capability of the PMOS Input stage when 
operating near the negative rail. Quiescent current In the 
emitter-follower cascade circuit (Q17, Q18) is established by 
transistors (Q14, Q15) whose base currents are “mirrored” to 
current flowing through diode D2 in the bias circuit section. 


When the CA3140 is operating such that output terminal 6 Is 
sourcing current, transistor Q18 functions as an emitter- 
follower to source current from the V+ bus (terminal 7), via 
D7, R9, and R11. Under these conditions, the collector 
potential of Q13 Is sufficiently high to permit the necessary 
flow of base current to emitter follower Q17 which. In turn, 
drives Q18. 

When the CA3140 is operating such that output terminal 6 Is 
sinking current to the V- bus, transistor Q16 Is the current 
sinking element. Transistor Q16 is mirror connected to D6, 
R7, with current fed by way of Q21, R12, and Q20. Transistor 
Q20, in turn, Is biased by current flow through R13, zener 
D8, and R14. The dynamic current sink is controlled by 
voltage level sensing. For purposes of explanation, it Is 
assumed that output terminal 6 Is quiescently established at 
the potential midpoint between the V+ and V- supply rails. 
When output current sinking mode operation Is required, the 
collector potential of transistor Q13 Is driven below Its 
quiescent level, thereby causing Q17, Q18 to decrease the 
output voltage at terminal 6. Thus, the gate terminal of 
PMOS transistor 021 Is displaced toward the V- bus, thereby 
reducing the channel resistance of 021. As a consequence, 
there is an incremental Increase In current flow through Q20, 
R12, 021, D6, R7, and the base of Q16. As a result, 016 
sinks current from terminal 6 in direct response to the 
incremental change In output voltage caused by Q18. This 
sink current flows regardless of load; any excess current Is 
internally supplied by the emitter-follower 018. Short circuit 
protection of the output circuit Is provided by 019, which is 
driven Into conduction by the high voltage drop developed 
across R11 under output short circuit conditions. Under 
these conditions, the collector of 019 diverts current from 
04 so as to reduce the base current drive from 017, thereby 
limiting current flow in 018 to the short circuited load 
terminal. 

Bias Circuit 

Quiescent current In ail stages (except the dynamic current 
sink) of the CA3140 Is dependent upon bias current flow in 
R1. The function of the bias circuit Is to establish and 
maintain constant current flow through D1, 06, Q8 and D2. 
D1 is a diode connected transistor mirror connected in 
parallel with the base emitter junctions of 01, 02, and 03. 
D1 may be considered as a current sampling diode that 
senses the emitter current of 06 and automatically adjusts 
the base current of 06 (via 01) to maintain a constant 
current through 06, 08, D2. The base currents in 02, 03 
are also determined by constant current flow D1. 
Furthermore, current In diode connected transistor 02 
establishes the currents In transistors 014 and 015. 






CA3140, CA3140A 


Metallization Mask Layout 



(1.473-1.676) 



-- 4-10 

I (0.102-0.254) 

_ 62-70 _^ 

(1.575-1.778) 

Dimensions in parenthesis are in millimeters and are derived 
from the basic inch dimensions as indicated. Grid graduations 
are in mils (10*® inch). 

The photographs and dimensions represent a chip when It is 
part of the wafer. When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect to the face of the 
chip. Therefore, the Isolated chip is actually 7 mils (0.17mm) 
larger In both dimensions. 




0 5 10 15 20 

SUPPLY VOLTAGE (V) 

FIGURE 1. OPEN LOOP VOLTAGE GAIN vs SUPPLY 
VOLTAGE AND TEMPERATURE 


SUPPLY VOLTAGE (V) 

FIGURE 2. GAIN BANDWIDTH PRODUCT vs SUPPLY 
VOLTAGE AND TEMPERATURE 
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Typical Performance Curves (Continued) 



SUPPLY VOLTAGE: V-t- s 15V, V> a >15V 


Ta»+25®C 
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FREQUENCY (Hz) 

FIGURE 7. EQUIVALENT INPUT NOISE VOLTAGE vs 
FREQUENCY 


SUPPLY VOLTAGE: V+ s 15V, V- s -15V 
Ta a +25®C 
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FIGURE 8. POWER SUPPLY REJECTION RATIO vs FREQUENCY 
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Applications Considerations 

Wide dynamic range of input and output characteristics with 
the most desirable high input impedance characteristics is 
achieved in the CA3140 by the use of an unique design based 
upon the PMOS Bipolar process. Input common mode voltage 
range and output swing capabilities are complementary, 
allowing operation with the single supply down to 4V. 

The wide dynamic range of these parameters also means 
that this device is suitable for many single supply applica¬ 
tions, such as, for example, where one input is driven below 
the potential of terminal 4 and the phase sense of the output 
signal must be maintained - a most important consideration 
In comparator applications. 

Output Circuit Considerations 

Excellent Interfacing with TTL circuitry Is easily achieved 
with a single 6.2V zener diode connected to terminal 8 as 
shown in Figure 9. This connection assures that the maxi¬ 
mum output signal swing will not go more positive than the 
zener voltage minus two base-to-emitter voltage drops within 
the CA3140. These voltages are independent of the operat¬ 
ing supply voltage. 


Y+ 

5V TO 36V 


TYPICAL 
TTL GATE 


FIGURES. ZENER CLAMPING DIODE CONNECTED TO TERMI¬ 
NALS 8 AND 4 TO LIMIT CA3140 OUTPUT SWING 
TO TTL LEVELS 



iniiiiiiiiiHRii 


mwmMM 


LOAD (SINKING) CURRENT (mA) 

FIGURE 10. VOLTAGE ACROSS OUTPUT TRANSISTORS 015 
AND Q16 vs LOAD CURRENT 


Figure 10 shows output current sinking capabilities of the 
CA3140 at various supply voltages. Output voltage swing to 
the negative supply rail permits this device to operate both 
power transistors and thyristors directly without the need for 
level shifting circuitry usually associated with the 741 series 
of operational amplifiers. 

Figure 13 shows some typical configurations. Note that a 
series resistor, Rl. is used in both cases to limit the drive 
available to the driven device. Moreover, it is recommended 
that a series diode and shunt diode be used at the thyristor 
input to prevent large negative transient surges that can 
appear at the gate of thyristors, from damaging the inte¬ 
grated circuit. 


Ta«+125®C 

FOR TO-5 PACKAGES 

-1-1-T--- 

DIFFERENTIAL DC VOLTAGE 
.. (ACROSS TERMS 2 AND 3) s 2V . 
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/ OUTPUT VOLTAGE = V+ / 2 

^ 14^ 1 r. T . 1 1 —1 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 

TIME (HOURS) 

FIGURE 11. TYPICALINCREMENTALOFFSETVOLTAGESHIFT 
vs OPERATING LIFE 

Offset Voltage Nulling 

The Input offset voltage can be nulled by connecting a lOkO 
potentiometer between terminals 1 and 5 and returning Its 
wiper arm to terminal 4, see Figure 12(A). This technique, 
however, gives more adjustment range than required and 
therefore, a considerable portion of the potentiometer rota¬ 
tion is not fully utilized. Typical values of series resistors that 
may be placed at either end of the potentiometer, see Figure 
12(B), to optimize Its utilization range are given in the table 
“Electrical Specifications” shown in this bulletin. 

An alternate system is shown in Figure 12(C). This circuit 
uses only one additional resistor of approximately the value 
shown in the table. For potentiometers, in which the resis¬ 
tance does not drop to zero at either end of rotation, a 
value of resistance 10% lower than the values shown In the 
table should be used. 

Low Voltage Operation 

Operation at total supply voltages as low as 4V is possible 
with the CA3140. A current regulator based upon the PMOS 
threshold voltage maintains reasonable constant operating 
current and hence consistent performance down to these 
lower voltages. 

The low voltage limitation occurs when the upper extreme of 
the input common mode voltage range extends down to the 
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FIGURE 12. THREE OFFSET VOLTAGE NULLING METHODS 
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FIGURE 13. METHODS OF UTILIZING THE Vce(SAT) SINKING CURRENT CAPABILITY OF THE CA3140 SERIES 
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FIGURE 14. INPUT VOLTAGE vs SETTLING TIME 
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voltage at terminal 4. This limit is reached at a total supply 
voltage just below 4V. The output voltage range also begins 
to extend down to the negative supply rail, but Is slightly 
higher than that of the input. Figure 17 shows these 
characteristics and shows that with 2V dual supplies, the 
lower extreme of the Input common mode voltage range Is 
below ground potential. 

Bandwidth and Slew Rate 

For those cases where bandwidth reduction is desired, for 
example, broadband noise reduction, an external capacitor 
connected between terminals 1 and 8 can reduce the open 
loop -SdB bandwidth. The slew rate will, however, also be 
proportionally reduced by using this additional capacitor. 
Thus, a 20% reduction in bandwidth by this technique will 
also reduce the slew rate by about 20%. 

Figure 14 shows the typical settling time required to reach 
ImV or lOmV of the final value for various levels of large 
signal inputs for the voltage follower and Inverting unity gain 


SUPPLY VOLTAGE: V+ = 15V, V- 
Ta = +25®C 
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FIGURE 15. OPEN LOOP VOLTAGE GAIN AND PHASE vs 
FREQUENCY 


amplifiers. The exceptionally fast settling time characteristics 
are largely due to the high combination of high gain and wide 
bandwidth of the CA3140; as shown In Figure 15. 

Input Circuit Considerations 

As mentioned previously, the amplifier inputs can be driven 
below the terminal 4 potential, but a series current limiting 
resistor is recommended to limit the maximum input terminal 
current to less than 1mA to prevent damage to the input pro¬ 
tection circuitry. 

Moreover, some current limiting resistance should be 
provided between the Inverting input and the output when 
the CA3140 is used as a unity gain voltage follower. This 
resistance prevents the possibility of extremely large input 
signal transients from forcing a signal through the input 
protection network and directly driving the Internal constant 
current source which could result In positive feedback via the 
output terminal. A 3.9kQ resistor is sufficient. 


11 SUPPLY VOLTAGE: V+ « 15V, V- 
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FIGURE 16. INPUT CURRENT vs AMBIENT TEMPERATURE 
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FIGURE 17. OUTPUT VOLTAGE SWING CAPABILITY AND COMMON MODE INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE AND 
TEMPERATURE 
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The typical input current is in the order of lOpA when the 
inputs are centered at nominal device dissipation. As the 
output supplies load current, device dissipation will increase, 
raising the chip temperature and resulting in increased input 
current. Figure 16 shows typical input terminal current ver¬ 
sus ambient temperature for the CA3140. 

it is well known that MOSFET devices can exhibit slight 
changes in characteristics (for example, small changes in 
input offset voltage) due to the application of large differen¬ 
tial input voltages that are sustained over long periods at eie- 
vated temperatures. 

Both applied voltage and temperature accelerate these 
changes. The process is reversible and offset voltage shifts 
of the opposite poiarity reverse the offset. Figure 11 shows 
the typical offset voltage change as a function of various 
stress voitages at the maximum rating of +125°C (for TO-5); 
at lower temperatures (TO-5 and plastic), for example, at 
+85°C, this change in voitage is considerably less. In typical 
linear appiications, where the differential voltage is small and 
symmetrical, these Incremental changes are of about the 
same magnitude as those encountered In an operational 
amplifier employing a bipolar transistor input stage. 

Super Sweep Function Generator 

A function generator having a wide tuning range is shown in 
Figure 18. The 1,000,000/1 adjustment range is accom¬ 
plished by a single variable potentiometer or by an auxiliary 
sweeping signal. The CA3140 functions as a non-inverting 
readout amplifier of the triangular signal developed across 
the Integrating capacitor network connected to the output of 
the CA3080A current source. 

Buffered triangular output signals are then applied to a sec¬ 
ond CA3080 functioning as a high speed hysteresis switch. 
Output from the switch is returned directly back to the input 
of the CA3080A current source, thereby, completing the pos¬ 
itive feedback loop 

The triangular output level Is determined by the four 1N914 
level limiting diodes of the second CA3080 and the resistor 
divider network connected to terminal No. 2 (input) of the 
CA3080. These diodes establish the input trip level to this 
switching stage and, therefore, indirectly determine the 
amplitude of the output triangle. 


the Frequency Adjustment Control. This low-driving 
Impedance requirement is easily met by using a CA3140 
connected as a voltage follower. Moreover, a meter may be 
placed across the Input to the CA3080A to give a logarithmic 
analog Indication of the function generators frequency. 

Analog frequency readout is readily accomplished by the 
means described above because the output current of the 
CA3080A varies approximately one decade for each 60mV 
change In the applied voltage, V^bc (voltage between 
terminals 5 and 4 of the CA3080A of the function generator). 
Therefore, six decades represent 360mV change in Vabc- 

Now, only the reference voltage must be established to set 
the lower limit on the meter. The three remaining transistors 
from the CA3086 Array used in the sweep generator are 
used for this reference voltage. In addition, this reference 
generator arrangement tends to track ambient temperature 
variations, and thus compensates for the effects of the nor¬ 
mal negative temperature coefficient of the CA3080A V^bc 
terminal voltage. 

Another output voltage from the reference generator is used 
to insure temperature tracking of the lower end of the 
Frequency Adjustment Potentiometer. A large series 
resistance simulates a current source, assuring similar 
temperature coefficients at both ends of the Frequency 
Adjustment Control. 

To calibrate this circuit, set the Frequency Adjustment 
Potentiometer at its low end. Then adjust the Minimum 
Frequency Calibration Control for the lowest frequency. To 
establish the upper frequency limit, set the Frequency 
Adjustment Potentiometer to its upper end and then adjust 
the Maximum Frequency Calibration Control for the 
maximum frequency. Because there is interaction among 
these controls, repetition of the adjustment procedure may 
be necessary. Two adjustments are used for the meter. The 
meter sensitivity control sets the meter scale width of each 
decade, while the meter position control adjusts the pointer 
on the scale with negligible effect on the sensitivity 
adjustment. Thus, the meter sensitivity adjustment control 
calibrates the meter so that it deflects Ve of full scale for 
each decade change In frequency. 

Sine Wave Shaper 


Compensation for propagation delays around the entire loop 
Is provided by one adjustment on the Input of the CA3080. 
This adjustment, which provides for a constant generator 
amplitude output, is most easily made while the generator is 
sweeping. High frequency ramp linearity is adjusted by the 
single 7-to-6pF capacitor in the output of the CA3080A. 

It must be emphasized that only the CA3080A is 
characterized for maximum output linearity in the current 
generator function. 

Meter Driver and Buffer Amplifier 

Figure 19 shows the CA3140 connected as a meter driver 
and buffer amplifier. Low driving impedance is required of 
the CA3080A current source to assure smooth operation of 


The circuit shown In Figure 20 uses a CA3140 as a voltage 
follower in combination with diodes from the CA3019 Array 
to convert the triangular signal from the function generator to 
a sine-wave output signal having typically less than 2% THD. 
The basic zero crossing slope is established by the lOkil 
potentiometer connected between terminals 2 and 6 of the 
CA3140 and the 9.1kJ^ resistor and lOkQ potentiometer 
from terminal 2 to ground. Two break points are established 
by diodes Di through D 4 . Positive feedback via D 5 and De 
establishes the zero slope at the maximum and minimum 
levels of the sine wave. This technique Is necessary because 
the voltage follower configuration approaches unity gain 
rather than the zero gain required to shape the sine wave at 
the two extremes. 
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FIGURE 18. FUNCTION GENERATOR 
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This circuit can be adjusted most easily with a distortion 
analyzer, but a good first approximation can be made by 
comparing the output signal with that of a sine wave 
generator. The initial slope is adjusted with the 
potentiometer R^, followed by an adjustment of R 2 . The final 
slope Is established by adjusting R 3 , thereby adding 
additional segments that are contributed by these diodes. 
Because there Is some Interaction among these controls, 
repetition of the adjustment procedure may be necessary. 

Sweeping Generator 

Figure 21 shows a sweeping generator. Three CA3140's are 
used in this circuit. One CA3140 is used as an integrator, a 
second device is used as a hysteresis switch that deter¬ 
mines the starting and stopping points of the sweep. A third 
CA3140 Is used as a logarithmic shaping network for the log 
function. Rates and slopes, as well as sawtooth, triangle, 
and logarithmic sweeps are generated by this circuit. 

Wideband Output Amplifier 

Figure 22 shows a high slew rate, wideband amplifier 
suitable for use as a 500 transmission line driver. This 
circuit, when used in conjunction with the function generator 
and sine wave shaper circuits shown In Figures 18 and 20 
provides 18V peak-to-peak output open circuited, or 9V 
peak-to-peak output when terminated In 500 The slew rate 
required of this amplifier is 28V/|xs (18V peak-to-peak x tc x 
0.5MHz). 
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FIGURE 22. WIDEBAND OUTPUT AMPLIFIER 
Power Supplies 

High input impedance, common mode capability down to the 
negative supply and high output drive current capability are 
key factors in the design of wide range output voltage 
supplies that use a single input voltage to provide a 
regulated output voltage that can be adjusted from 
essentially OV to 24V. 

Unlike many regulator systems using comparators having a 
bipolar transistor Input stage, a high impedance reference 
voltage divider from a single supply can be used in 
connection with the CA3140 (see Figure 23). 


FIGURE 23. BASIC SINGLE SUPPLY VOLTAGE REGULATOR 

SHOWING VOLTAGE FOLLOWER CONFIGURATION 

Essentially, the regulators, shown in Figures 24 and 25, are 
connected as non inverting power operational amplifiers with 
a gain of 3.2. An 8 V reference Input yields a maximum out¬ 
put voltage slightly greater than 25V. As a voltage follower, 
when the reference Input goes to OV the output will be OV. 
Because the offset voltage is also multiplied by the 3.2 gain 
factor, a potentiometer is needed to null the offset voltage. 

Series pass transistors with high Icbo levels will also prevent 
the output voltage from reaching zero because there is a 
finite voltage drop (Vcesat) across the output of the CA3140 
(see Figure 10). This saturation voltage level may Indeed set 
the lowest voltage obtainable. 

The high Impedance presented by terminal 8 is advanta¬ 
geous in effecting current limiting. Thus, only a small signal 
transistor is required for the current-limit sensing amplifier. 
Resistive decoupling is provided for this transistor to mini¬ 
mize damage to it or the CA3140 in the event of unusual 
input or output transients on the supply rail. 

Figures 24 and 25, show circuits In which a D2201 high 
speed diode is used for the current sensor. This diode was 
chosen for its slightly higher forward voltage drop character¬ 
istic, thus giving greater sensitivity. It must be emphasized 
that heat sinking of this diode is essential to minimize varia¬ 
tion of the current trip point due to internal heating of the 
diode. That is, 1A at IV forward drop represents one watt 
which can result In significant regenerative changes In the 
current trip point as the diode temperature rises. Placing the 
small signal reference amplifier in the proximity of the current 
sensing diode also helps minimize the variability in the trip 
level due to the negative temperature coefficient of the 
diode. In spite of those limitations, the current limiting point 
can easily be adjusted over the range from 10mA to 1A with 
a single adjustment potentiometer. If the temperature stabil¬ 
ity of the current limiting system is a serious consideration, 
the more usual current sampling resistor type of circuitry 
should be employed. 

A power Darlington transistor (In a heat sink TO-3 case), is used 
as the series pass element for the conventional current limiting 
system, Figure 24, because high power Darlington dissipation 
will be encountered at low output voltage and high currents. 

A small heat sink VERSAWATT transistor is used as the 
series pass element In the fold back current system. Figure 
25, since dissipation levels will only approach 10W. In this 
system, the D2201 diode Is used for current sampling. Fold- 
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back is provided by the 3kQ and 100k^ divider network con¬ 
nected to the base of the current sensing transistor. 



(MEASUREMENT BANDWIDTH -lOMHz) (NO LOAD TO FULL LOAD) 
LINE REGULATION 0.1%ArOLT <0.02% 


Both regulators, Figures 24 and 25, provide better than 0.02% 
load regulation. Because there is constant loop gain at all volt¬ 
age settings, the regulation also remains constant. Line regu¬ 
lation is 0.1% per volt. Hum and noise voltage is less than 
200pV as read with a meter having a 10MHz bandwidth. 

Figure 28 (a) shows the turn ON and turn OFF characteris¬ 
tics of both regulators. The slow turn on rise Is due to the 
slow rate of rise of the reference voltage. Figure 26 (B) 
shows the transient response of the regulator with the 
switching of a 20Q load at 20V output. 



(A) SUPPLY TURN-ON AND TURNOFF CHARACTERISTICS 

5V/Div and -1s/Div 


FIGURE 24. REGULATED POWER SUPPLY 



(MEASUREMENT BANDWIDTH -lOMHz) (NO LOAD TO FULL LOAD) 
LINE REGULATION 0.1%ArOLT <0.02% 

FIGURE 25. REGULATED POWER SUPPLY WITH “FOLDBACK” 
CURRENT LIMITING 



(B) TRANSIENT RESPONSE 

Top Trace: Output voltage 

200mV/Div and 5ps/Div 

Bottom Trace: Collector of load switching transistor, load > 1A 
5V/Dlv and 5ns/Div 

FIGURE 26. WAVEFORMS OF DYNAMIC CHARACTERISTICS 
OF POWER SUPPLY CURRENTS SHOWN IN FIG¬ 
URES 24 AND 25 


Tone Control Circuits 

High slew rate, wide bandwidth, high output voltage capabil¬ 
ity and high input impedance are all characteristics required 
of tone control amplifiers. Two tone control circuits that 
exploit these characteristics of the CA3140 are shown in Fig¬ 
ures 27 and 28. 
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The first circuit, shown in Figure 28, is the Baxandall tone 
control circuit which provides unity gain at midband and uses 
standard linear potentiometers. The high input impedance of 
the CA3140 makes possible the use of low-cost, low-value, 
small size capacitors, as well as reduced load of the driving 
stage. 

Bass treble boost and cut are ±15dB at 100Hz and 10kHz, 
respectively. Full peak-to-peak output is available up to at 
least 20kHz due to the high slew rate of the CA3140. The 
amplifier gain is 3dB down from Its “flat" position at 70kHz. 


Figure 27 shows another tone control circuit with similar 
boost and cut specifications. The wideband gain of this cir¬ 
cuit is equal to the ultimate boost or cut plus one, which in 
this case is a gain of eleven. For 20dB boost and cut, the 
input loading of this circuit is essentially equal to the value of 
the resistance from terminal No. 3 to ground. A detailed 
analysis of this circuit is given in “An 1C Operational 
TransconductanceAmplifier (OTA) With Power Capability” by 
L Kaplan and H. Wittlinger, IEEE Transactions on Broadcast 
and Television Receivers, Vol. BTR-18, No. 3, August, 1972. 
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FIGURE 27. TONE CONTROL CIRCUIT USING CA3130 SERIES (20dB MIDBAND GAIN) 
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FIGURE 28. BAXANDALL TONE CONTROL CIRCUIT USING CA3140 SERIES 


2-139 


OPERATIONAL 

AMPLIFIERS 















CA3140, CA3140A 


Wien Bridge Oscillator 

Another application of the CA3140 that makes excellent use 
of its high input impedance, high slew rate, and high voltage 
qualities is the Wien Bridge sine wave oscillator. A basic Wien 
Bridge oscillator is shown in Figure 29. When = Rg = R and 
Cl = C2 = C, the frequency equation reduces to the familiar 
f = V2 It RC and the gain required for oscillation, Aqsc 
equal to 3. Note that if C 2 is increased by a factor of four and 
R 2 is reduced by a factor of four, the gain required for 
oscillation becomes 1.5, thus permitting a potentially higher 
operating frequency closer to the gain bandwidth product of 
the CA3140. 



FIGURE 29. BASIC WIEN BRIDGE OSCILLATOR CIRCUIT US¬ 
ING AN OPERATIONAL AMPLIFIER 


FIGURE 30. WIEN BRIDGE OSCILLATOR CIRCUIT USING 
CA3140 SERIES 

Simple Sample-and-Hold System 

Figure 31 shows a very simple sample-and-hold system 
using the CA3140 as the readout amplifier for the storage 
capacitor. The CA3080A serves as both input buffer ampli¬ 
fier and low feed-through transmission switch.* System off¬ 
set nulling is accomplished with the CA3140 via its offset 
nulling terminals. A typical simulated load of 2k^2 and 30pF 
is shown in the schematic. 



Oscillator stabilization takes on many forms. It must be 
precisely set, otherwise the amplitude will either diminish or 
reach some form of limiting with high levels of distortion. The 
element, Rs, is commonly replaced with some variable 
resistance element. Thus, through some control means, the 
value of Rs is adjusted to maintain constant oscillator output. 
A FET channel resistance, a thermistor, a lamp bulb, or other 
device whose resistance is made to increase as the output 
amplitude is increased are a few of the elements often 
utilized. 

Figure 30 shows another means of stabilizing the oscillator 
with a zener diode shunting the feedback resistor (Rf of 
Figure 29). As the output signal amplitude Increases, the 
zener diode Impedance decreases resulting in more 
feedback with consequent reduction in gain; thus stabilizing 
the amplitude of the output signal. Furthermore, this 
combination of a monolithic zener diode and bridge rectifier 
circuit tends to provide a zero temperature coefficient for this 
regulating system. Because this bridge rectifier system has 
no time constant, i.e., thermal time constant for the lamp 
bulb, and RC time constant for filters often used in detector 
networks, there is no lower frequency limit. For example, 
with IpF polycarbonate capacitors and 22MQ for the 
frequency determining network, the operating frequency is 
0.007Hz. 

As the frequency is increased, the output amplitude must be 
reduced to prevent the output signal from becoming slew- 
rate limited. An output frequency of 180kHz will reach a slew 
rate of approximately 9V/|is when its amplitude is 16V peak- 
to-peak. 



NOT REQUIRED 


FIGURE 31. SAMPLE AND HOLD CIRCUIT 

In this circuit, the storage compensation capacitance (Ci) is 
only 200pF. Larger value capacitors provide longer “hold” 
periods but with slower slew rates. The slew rate 

!^ = - = 0.5mA/200pF = 2.5V/ps 
dt c 

* ICAN-6668 “Applications of the CA3080 and CA 3080A High Per¬ 
formance Operational Transconductance Amplifiers”. 

Pulse “droop” during the hold interval is 170pA/200pF which 
is = 0.85^iV/ps; (I.e., 170pA/200pF). In this case, 170pA 
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represents the typical leakage current of the CA3080A when 
strobed off. If were increased to 2000 pF, the “hold-droop” 
rate will decrease to 0.085|j.V/ps, but the slew rate would 
decrease to 0.25V/ps. The parallel diode network connected 
between terminal 3 of the CA3080A and terminal 6 of the 
CA3140 prevents large input signal feedthrough across the 
input terminals of the CA3080A to the 200pF storage capacitor 
when the CA3080A is strobed off. Figure 32 shows d^amlc 
characteristic waveforms of this sample-and-hold system. 


ibw 




: i 

1 ! : 

t"'" ' 





1 i 

s J 






1 


' 

' ■ ' * 1 m 




L 



r" 

BiBlli 

1 







□ 






1 

i 






1 * 










Top Trace: Output; 50mV/Div and 200ns/Div 
Bottom Trace: Input; 50mV/Div and 200ns/Div 

...... 1 



LARGE SIGNAL RESPONSE AND SETTLING TIME 

Top Trace: Output Signal; 5V/Div and 2ps/Dlv 
Center Trace: Difference of Input and Output Signals through 
Tektronix Amplifier 7A13; 5mV/Div and 2ps/Div 
Bottom Trace: Input Signal; 5V/Div and 2ps/Div 



SAMPLING RESPONSE 

Top Trace: Output; 100mV/Div and 500ns/Div 
Bottom Trace: Input; 20V/Div and 500ns/Div 

FIGURE 32. SAMPLE AND HOLD SYSTEM DYNAMIC CHARAC¬ 
TERISTICS WAVEFORMS 


Current Amplifier 

The low input terminal current needed to drive the CA3140 
makes it ideal for use in current amplifier applications such 
as the one shown In Figure 33.* In this circuit, low current is 
supplied at the input potential as the power supply to load 
resistor Rl. This load current is increased by the multiplica¬ 
tion factor R2/R1, when the load current is monitored by the 
power supply meter M. Thus, If the load current is lOOnA, 
with values shown, the load current presented to the supply 
will be lOOpA; a much easier current to measure In many 
systems. 






4.3lcO^ 
-15 V 


FIGURE 33. BASIC CURRENT AMPLIFIER FOR LOW CURRENT 
MEASUREMENT SYSTEMS 

Note that the input and output voltages are transferred at the 
same potential and only the output current is multiplied by 
the scale factor. 

The dotted components show a method of decoupling the 
circuit from the effects of high output load capacitance and 
the potential oscillation in this situation. Essentially, the 
necessary high frequency feedback is provided by the 
capacitor with the dotted series resistor providing load 
decoupling. 

Figure 34 shows a single supply, absolute value, ideal full- 
wave rectifier with associated waveforms. During positive 
excursions, the input signal is fed through the feedback 
network directly to the output. Simultaneously, the positive 
excursion of the input signal also drives the output terminal 
(No. 6) of the inverting amplifier in a negative going 
excursion such that the 1N914 diode effectively disconnects 
the amplifier from the signal path. During a negative going 
excursion of the input signal, the CA3140 functions as a 
normal inverting amplifier with a gain equal to -R2/R1. When 
the equality of the two equations shown in Figure 34 is 
satisfied, the full wave output is symmetrical. 

* “Operational Amplifiers Design and Applications", J. G. Graeme, 
McGraw-Hill Book Company, page 308 - “Negative Immittance 
Converter Circuits". 
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FIGURE 34 SINGLE SUPPLY, ABSOLUTE VALUE, IDEAL FULL 
WAVE RECTIFIER WITH ASSOCIATED WAVEFORMS 


NOISE VOLTAGE 
OUTPUT 


^ 7 ^ 0.01 HF 
CA314^-<6)-h 

♦-T_0.01nF 5 
15V 6 IL I 


BW(-3dB) = 140kHz 

TOTAL NOISE VOLTAGE > 

(REFERRED TO INPUT) a 48^VTYP. i 

FIGURE 35. TEST CIRCUIT AMPLIFIER (30dB GAIN) USED FOR 
WIDEBAND NOISE MEASUREMENT 


(B) INPUT-OUTPUT DIFFERENCE SIGNAL 
SHOWING SETTLING TIME 

(measurement made with Tektronix 7A13 differential amplifier) 

Top Trace: Output Signal; 5V/Div and 5ps/Div 
Center Trace: Difference Signal; 5mV/Div and 5ps/Div 
Bottom Trace: Input Signal; 5V/Div and 5ps/Div 

FIGURE 36. SPLIT SUPPLY VOLTAGE FOLLOWER TEST CIR 
CUIT AND ASSOCIATED WAVEFORMS 

















































Features 

• MOSFET Input Stage Provides: 

- Very High Z| = 1.510 (1.5 x 10^*0) (Typ.) 

- Very Low l| = 5pA Typ. at 15V Operation 

= 2pA Typ. at 5V Operation 

• Common-Mode Input Voltage Range Includes Nega¬ 
tive Supply Rail; Input Terminals Can Be Swung 0.5V 
Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 

Applications 

• Ground Referenced Single Supply Amplifiers 

• Fast Sample Hold Amplifiers 

• Long Duration TImers/Monostables 

• High Input Impedance Wideband Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply 
D/A Converter) 

• Wien-Bridge Oscillators 

• Voltage Controlled Oscillators 

• Photo Diode Sensor Amplifiers 

Ordering Information 


PART 

NUMBER 

CA3160AE 

CA3160AT 

CA3160E 

CA3160T 


TEMPERATURE 

RANGE 

-55®C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


PACKAGE 

8 Lead Plastic DIP 
8PinTO-5Can 
8 Lead Plastic DIP 
8 Pin TO-5 Can 


Description 

The CA3160A and CA3160 are integrated circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. The CA3160 series 
are frequency compensated versions of the popular CA3130 
series. 

Gate protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input imped¬ 
ance, very low input current, and exceptional speed perfor¬ 
mance. The use of PMOS field effect transistors in the input 
stage results in common-mode input voltage capability down 
to 0.5V below the negative supply terminal, an important 
attribute in single supply applications. 

A complementary symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within lOmV of 
either supply voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

The CA3160 Series circuits operate at supply voltages rang¬ 
ing from 5V to 16V, or ±2.5V to ±8V when using split sup¬ 
plies, and have terminals for adjustment of offset voltage for 
applications requiring offset null capability. Terminal provi¬ 
sions are also made to permit strobing of the output stage. 

The CA3160A offers superior input characteristics over 
those of the CA3160. 



Pinouts 


CA3160 
(TO-5 CAN) 
TOP VIEW 


CA3160 
(PDIP) 
TOP VIEW 


SUPPLEMENTARY 
COMPENSATION \ 


OFFSET (1J 

null/^ 


iNv. (y 
INPUT ^ 


NON-INV. (3) 
INPUT 


fS) OFFSET 
^ NULL 


V- AND CASE 


OFFSET NULL 


NON-INV. rr 
INPUT ^ 



5j OFFSET NULL 


NOTE: CA3160 Series devices have an on-chip frequency compen¬ 
sation network. Supplementary phase compensation or frequency roll¬ 
off (if desired) can be connected externally between terminals 1 and 8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 o i a 
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Specifications CA3160, CA3160A 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage (Between V+ and V- Terminals).+16.0V Temperature Range: 

Differential Mode Input Voltage..8V Operating (All Types) .-55°C to +125°C 

Input Voltage.(V+ +8V) to (V- -0.5V) Storage (All Types).-65°C to +150°C 

Input Current.1mA 

Output Short Circuit Duration (Note 1). indefinite 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any o^er conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications at Ta ^ -t-25°c, V+ = 15V, V- = OV, unless otherwise Specified 



(Sink) at Vo = 15V 


Supply Current Vq = 7.5V, R 


Vo = OV.RL = oo(Note2) 


Input Offset Voltage Temperature Drift, 
AV,o/AT 
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Specifications CA3160, CA3160A 


Typical Values Intended Only for Design Guidance v+ = +7.5V, -v = -7.5V, = +25°c, unless otherwise Specified. 


PARAMETER 


Input Offset Voltage Adjustment 
Range 


Input Resistance 



TEST CONDITIONS 


lOkO Across Terminals 4 and 5 or 
Terminals 4 and 1 


Unity Gain Crossover Frequency 


Slew Rate: 


Transient Response, 
Rise Time 


Overshoot 


Settling Time (to <0.1%, V|n = 4Vp.p) 


CA3160/CA3160A 


±22 



Input Capacitance 

Cl 

f=1MHz 

4.3 

PF 

Equivalent input Noise Voltage 

©N 

BW = 0.2 MHz 

Rs = 1 MQ 

40 

pV 




Rs= 10MO 

50 

pV 

Equivalent Input Noise Voltage 

Qn 

a 

o 

o 

II 

(0 

cc 

1kHz 

72 

nVVHz 




10kHz 

30 

nVVT^ 



Typical Values Intended Only For Design Guidance v+ h-sv, v- = ov, t^ » +25°c. Unless otherwise Specified. 


PARAMETER 


Input Offset Voltage 


Input Offset Current 


Input Current 


Common-Mode Rejection 
Ratio 


Large Signal Voltage Gain 


Common-Mode Input Voltage 
Range 


SYMBOL 


V,o 


Supply Current 


Power Supply Rejection Ratio 


TEST 

CONDITIONS 



Vo = 5V. R 


Vo = 2.5V,Rl = c 


AV,o/AV+ 


NOTES: 

1. Short circuit may be applied to ground or to either supply. 
2- Icc typically Increases by 1.5mA/MHz during operation. 


CA3160A 

CA3160 

2 

6 

0.1 

0.1 

2 

2 

90 

80 

100 

100 

100 

100 

0 to 2.8 

0 to 2.8 

300 

300 

500 

500 

200 

200 
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Block Diagram 



COMPENSATION 
(WHEN DESIRED) 


NOTE: Total supply voltage (for Indicated 
voltage gains) 15V 

1. With input terminals biased so that Termi¬ 
nal 6 potential Is +7.5V above terminal 4. 

2. With output terminal driven to either 
supply rail. 


Schematic Diagram 



NOTE: Diodes D5 Through D7 Provide Gate Oxide Protection For MOSFET Input Stage 
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Performance Curves 



CM 
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Circuit Description 

Refer to the Block Diagram of the CA3160 series CMOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli¬ 
cations. Consequently, the CA3160 series circuits are ideal 
for single supply operation. Three class A amplifier stages, 
having the individual gain capability and current consump¬ 
tion shown in the Block Diagram provide the total gain of the 
CA3160. A biasing circuit provides two potentials for com¬ 
mon use in the first and second stages. Terminals 8 and 1 
can be used to supplement the internal phase compensation 
network if additional phase compensation or frequency roll¬ 
off is desired. Terminals 8 and 4 can also be used to strobe 
the output stage into a low quiescent current state. When 
Terminal 8 is tied to the negative supply rail (Terminal 4) by 
mechanical or electrical means, the output potential at Ter¬ 
minal 6 essentially rises to the positive supply-rail potential 
at Terminal 7. This condition of essentially zero current drain 
In the output stage under the strobed “OFF condition can 
only be achieved when the ohmic load resistance presented 
to the amplifier is very high (e.g., when the amplifier output is 
used to drive MOS digital circuits in comparator applica¬ 
tions). 

Input Stages - The circuit of the CA3160 is shown in the 
Schematic Diagram. It consists of a differential-input stage 
using PMOS field-effect transistors (Q6, Q7) working into a 
mirror-pair of bipolar transistors (Q9, Q10) functioning as 
load resistors together with resistors R3 through R6. The 
mirror-pair transistors also function as a differential-to-sin- 
gle-ended converter to provide base drive to the second- 
stage bipolar transistor (Q11). Offset nulling, when desired, 
can be effected by connecting a 100,0000 potentiometer 
across Terminals 1 and 5 and the potentiometer slider arm to 
Terminal 4. Cascode-connected PMOS transistors Q2, Q4, 
are the constant-current source for the input stage. The bias¬ 
ing circuit for the constant-current source is subsequently 
described. The small diodes D5 through D7 provide gate- 
oxide protection against high-voltage transients, including 
static electricity during handling for 06 and Q7. 

Second-Stage - Most of the voltage gain in the CA3160 is 
provided by the second amplifier stage, consisting of bipolar 
transistor Q11 and its cascode-connected load resistance 
provided by PMOS transistors Q3 and Q5. The source of 
bias potentials for these PMOS transistors is described later. 
Miller Effect compensation (roll off) is accomplished by 
means of the 30pF capacitor and 2kQ resistor connected 
between the base and collector of transistor Q11. These 
Internal components provide sufficient compensation for 
unity gain operation In most applications. However, addi¬ 
tional compensation, if desired, may be used between Termi¬ 
nals 1 and 8. 

Bias-Source Circuit - At total supply voltages, somewhat 
above 8.3V, resistor R2 and zener diode Z1 serve to estab¬ 
lish a voltage of 8.3V across the series-connected circuit, 
consisting of resistor R1, diodes D1 through D4, and PMOS 
transistor Q1. A tap at the junction of resistor R1 and diode 
D4 provides a gate-bias potential of about 4.5V for PMOS 


transistors 04 and 05 with respect to Terminal 7. A potential 
of about 2.2V is developed across diode-connected PMOS 
transistor 01 with respect to Terminal 7 to provide gate bias 
for PMOS transistors 02 and 03. It should be noted that 01 
is “mirror-connected” to both 02 and 03. Since transistors 
01, 02, 03 are designed to be identical, the approximately 
200pA current in 01 establishes a similar current in 02 and 
03 as constant-current sources for both the first and second 
amplifier stages, respectively. 

At total supply voltages somewhat less than 8.3V, zener 
diode 21 becomes nonconductive and the potential, devel¬ 
oped across series-connected R1, D1 - D4, and 01, varies 
directly with variations in supply voltage. Consequently, the 
gate bias for 04, 05 and 02, 03 varies In accordance with 
supply-voltage variations. This variation results In deteriora¬ 
tion of the power-supply-rejection ratio (PSRR) at total sup¬ 
ply voltages below 8.3V. Operation at total supply voltages 
below about 4.5V results in seriously degraded performance. 

Output Stage - The output stage consists of a drain-loaded 
inverting amplifier using COS/MOS transistors operating In 
the Class A mode. When operating into very high resistance 
loads, the output can be swung within millivolts of either sup¬ 
ply rail. Because the output stage Is a drain-loaded amplifier, 
its gain is dependent upon the load Impedance. The transfer 
characteristics of the output stage for a load returned to the 
negative supply rail are shown in Figure 3. Typical op-amp 
loads are readily driven by the output stage. Because large- 
signal excursions are non-linear, requiring feedback for good 
waveform reproduction, transient delays may be encoun¬ 
tered. As a voltage follower, the amplifier can achieve 0.01% 
accuracy levels, including the negative supply rail. 

Offset Nulling 

Offset-voltage nulling is usually accomplished with a 
100,0000 potentiometer connected across Terminals 1 and 
5 and with the potentiometer slider arm connected to Termi¬ 
nal 4. A fine offset-null adjustment usually can be effected 
with the slider arm positioned in the mid-point of the potenti¬ 
ometer's total range. 

Input Current Variation with Common Mode Input 
Voltage 

As shown in the Table of Electrical Characteristics, the input 
current for the CA3160 Series Op-Amps is typically 5pA at 
Ta = +25°C when Terminals 2 and 3 are at a common-mode 
potential of +7.5V with respect to negative supply Terminal 
4. Figure 9 contains data showing the variation of input cur¬ 
rent as a function of common-mode input voltage at T^ = 
+25°C. These data show that circuit designers can advanta¬ 
geously exploit these characteristics to design circuits which 
typically require an input current of less than IpA, provided 
the common-mode Input voltage does not exceed 2V. As 
previously noted, the input current is essentially the result of 
the leakage current through the gate-protection diodes in the 
input circuit and, therefore, a function of the applied voltage. 
Although the finite resistance of the glass terminal-to-case 
insulator of the TO-5 package also contributes an increment 
of leakage current, there are useful compensating factors. 
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Because the gate-protection network functions as if it is con¬ 
nected to Terminal 4 potential, and the TO-5 case of the 
CA3160 Is also Internally tied to Terminal 4, input Terminal 3 
is essentially “guarded” from spurious leakage currents. 

Input-Current Variation with Temperature 

The input current of the CA3160 Series circuits is typically 
5pA at +25°C. The major portion of this Input current is due 
to leakage current through the gate-protective diodes in the 
Input circuit. As with any semiconductor junction device, 
including op amps with a junction-FET input stage, the leak¬ 
age current approximately doubles for every 10°C increase 
in temperature. Figure 10 provides data on the typical varia¬ 
tion of input bias current as a function of temperature in the 
CA3160. 

in applications requiring the lowest practical input current 
and incremental increases in current because of “warm-up” 
effects, it is suggested that an appropriate heat sink be used 
with the CA3160. In addition, when “sinking” or “sourcing” 
significant output current the chip temperature increases, 
causing an increase in the input current. In such cases, heat¬ 
sinking can also very markedly reduce and stabilize input 
current variations. 

Input-Offset-Voltage (V|o) Variation with DC Bias vs. 
Device Operating Life 

It is well known that the characteristics of a MOSFET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magni¬ 
tude of the change is increased at high temperatures. Users 
of the CA3160 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper¬ 
ation at high temperatures with a significant differential dc 
bias voltage applied across Terminals 2 and 3. Figure 11 
shows typical data pertinent to shifts in offset voltage 
encountered with CA3160 devices in TO-5 packages during 
life testing. At lower temperatures (TO-5 and plastic) for 
example at +85°C, this change in voltage is considerably 
less. In typical linear applications where the differential volt¬ 
age is small and symmetrical, these Incremental changes 
are of about the same magnitude as those encountered in 
an operational amplifier employing a bipolar transistor input 
stage. The 2V dc differential voltage example represents 
conditions when the amplifier output state is “toggled”, e.g., 
as in comparator applications. 

Power Supply Considerations 

Because the CA3160 is very useful in single supply applica¬ 
tions, it is pertinent to review some considerations relating to 
power supply current consumption under both single and 
dual supply service. Figures 12(A) and 12(B) show the 
CA3160 connected for both dual and single supply opera¬ 
tion. 

Dual-supply operation: When the output voltage at Terminal 
6 is OV, the currents supplied by the two power supplies are 
equal. When the gate terminals of Q8 and Q12 are driven 
increasingly positive with respect to ground, current flow 
through Q12 (from the negative supply) to the load is 
increased and current flow through Q8 (from the positive 
supply) decreases correspondingly. When the gate terminals 


of Q8 and Q12 are driven increasingly negative with respect 
to ground, current flow through Q8 is increased and current 
flow through Q12 is decreased accordingly. 

Single supply operation: Initially, let it be assumed that the 
value of Rl is very high (or disconnected), and that the input- 
terminal bias (Terminals 2 and 3) is such that the output ter¬ 
minal (No. 6) voltage is at V+/2, i.e., the voltage-drops 
across Q8 and Q12 are of equal magnitude. Figure 4 shows 
typical quiescent supply-current vs. supply voltage for the 
CA3160 operated under these conditions. 



(A) DUAL POWER SUPPLY OPERATION 



(B) SINGLE POWER SUPPLY OPERATION 

FIGURE 12. CA3160 OUTPUT STAGE IN DUAL AND SINGLE 
POWER SUPPLY OPERATION 

Since the output stage is operating as a Class A amplifier, 
the supply current will remain constant under dynamic oper¬ 
ating conditions as long as the transistors are operated in 
the linear portion of their voltage-transfer characteristics 
(see Figure 3). If either Q8 or Q12 are swung out of their lin¬ 
ear regions toward cutoff (a non-linear region), there will be 
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a corresponding reduction in supply-current. In the extreme 
case, e.g., with Terminal 8 swung down to ground potential 
(or tied to ground), NMOS transistor Q12 is completely cut 
off and the supply current to series connected transistors 
Q8, Q12 goes essentially to zero. The two preceding stages 
in the CA3160, however, continue to draw modest supply- 
current (see the lower curve In Figure 4) even though the 
output stage is strobed off. Figure 12(A) shows a dual-supply 
arrangement for the output stage that can also be strobed 
off, assuming Rl = «>, by pulling the potential of Terminal 8 
down to that of Terminal 4. 

Let it now-be assumed that a load-resistance of nominal 
value (e.g., 2kn) is connected between Terminal 6 and 
ground in the circuit of Figure 12(B). Let it further be 
assumed again that the input-terminal bias (Terminals 2 and 
3) is such that the output terminal (No, 6) voltage is at V+/2. 
Since PMOS transistor Q8 must now supply quiescent cur¬ 
rent to both Rl and transistor Q12, it should be apparent that 
under these conditions the supply-current must increase as 
an Inverse function of the Rl magnitude. Figure 6 shows the 
voltage-drop across PMOS transistor Q8 as a function of 
load current at several supply voltages. Figure 3 shows the 
voltage transfer characteristics of the output stage for sev¬ 
eral values of load resistance. 

Wideband Noise 

From the standpoint of low-noise performance consider¬ 
ations, the use of the CA3160 is most advantageous in appli¬ 
cations where In the source resistance of the input signal is 
on the order of 1 MCI or more, in this case, the total input- 
referred noise voltage Is typically only 40pV when the test 
circuit amplifier of Figure 13 is operated at a total supply volt¬ 
age of 15V. This value of total input-referred noise remains 
essentially constant, even though the value of source resis¬ 
tance Is raised by an order of magnitude. This characteristic 
is due to the fact that reactance of the input capacitance 
becomes a significant factor in shunting the source resis¬ 
tance. It should be noted, however, that for values of source 
resistance very much greater than 1 MCI, the total noise volt¬ 
age generated can be dominated by the thermal noise con¬ 
tributions of both the feedback and source resistors. 
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FIGURE 13. TEST CIRCUIT AMPLIFIER (30dB GAIN) USED FOR 
WIDEBAND NOISE MEASUREMENTS 


(C) INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING SETTLING 
TIME 

Top Trace: Output Signal 
Center Trace: Difference Signal 5mV/Div. 

Bottom Trace: Input Signal 

FIGURE 14. SPLIT-SUPPLY VOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS 
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Typical Applications 


Voltage Followers 

Operational amplifiers with very high input resistances, like 
the CA3160, are particularly suited to service as voltage fol¬ 
lowers. Figure 14 shows the circuit of a classical voltage fol¬ 
lower, together with pertinent waveforms using the CA3160 
in a split-supply configuration. 

A voltage follower, operated from a single supply, is shown In 
Figure 15 together with related waveforms. This follower cir¬ 
cuit Is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform in Figure 15B with 
input-signal ramping. The waveforms in Figure 15C show 
that the follower does not lose its input-to-output phase- 
sense, even though the input is being swung 7.5V below 
ground potential. This unique characteristic is an important 
attribute In both operational amplifier and comparator appli¬ 
cations. Figure 15C also shows the manner in which the 
COS/MOS output stage permits the output signal to swing 
down to the negative supply-rail potential (I.e., ground In the 
case shown). The digital-to-analog converter (DAC) circuit, 
described in the following section, illustrates the practical 
use of the CA3160 In a single supply voltage follower appli¬ 
cation. 

9 Bit CMOS DAC 

A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Figure 16. This system combines the concepts of 
multiple-switch CMOS IC's, a low-cost ladder network of dis¬ 
crete metal-oxide-fiim resistors, a CA3160 op amp con¬ 
nected as a follower, and an inexpensive monolithic 
regulator in a simple single power-supply arrangement. An 
additional feature of the DAC Is that it is readily interfaced 
with CMOS input logic, e.g., 10V logic levels are used in the 
circuit of Figure 16. 




(B) OUTPUT SIGNAL WITH INPUT-SIGNAL RAMPING. 


* “Digital-to-Analog Conversion Using the Harris CD4007A COS/ 
MOS 1C”, Application Note AN6080. 

The circuit uses an R/2R voltage-ladder network, with the 
output-potential obtained directly by terminating the ladder 
arms at either the positive or the negative power supply ter¬ 
minal. Each CP4007A contains three “inverters”, each 
“inverter” functioning as a single-pole double-throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of one per cent tolerance metal-oxide film resis¬ 
tors. The five arms requiring the highest accuracy are 
assembled with series and parallel combinations of 
806,GOOD resistors from the same manufacturing lot. 

A single 15V supply provides a positive bus for the CA3160 
follower amplifier and feeds the CA3085 voltage regulator. A 
“scale-adjust” function is provided by the regulator output 
control, set to a nominal 10V level in this system. The line- 
voltage regulation (approximately 0.2%) permits a 9-bit 
accuracy to be maintained with variations of several volts in 
the supply. The flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems tailored to par¬ 
ticular needs. 



(C) OUTPUT WAVEFORM WITH GROUND REFERENCE SINE 
WAVE INPUT 

Top Trace: Output 
Bottom Trace: Input 


FIGURE 15. SINGLE SUPPLY VOLTAGE FOLLOWER WITH 

ASSOCIATED WAVEFORMS. (e.g., FOR USE IN 
SINGLE SUPPLY D/A CONVERTER; SEE FIGURE 9 
IN AN6080) 
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CA3160, CA3160A 


10V LOGIC INPUTS 


C04007A 

“SWITCHES" 




CD4007A 

SWITCHES” 


CD4007A 

“SWITCHES” 


:806K S402K <200K 
M% >1% >1% 


806K 750K 

1 % 1 % 


PARALLELED 

RESISTORS 


CM 


VOLTAGE 

REGULATOR 



REGULATED 

VOLTAGE 



VOLTAGE 

FOLLOWER 


BIT 

REQUIRED 

RATIO-MATCH 

1 

Standard 

2 

±0.1% 

3 

±0.2% 

4 

±0.4% 

5 

±0.8% 

6-9 

±1% ABS. 


FIGURE 16. 9 BIT DAC USING CMOS DIGITAL SWITCHES AND CA3160 
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Error-Amplifier in Regulated Power Supplies 

The CA3160 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
approach zero. 

The circuit shown in Figure 17 uses a CA3160 as an error 
amplifier in a continuously adjustable 1A power supply. One 
of the key features of this circuit is its ability to regulate down 
to the vicinity of OV with only one dc power supply Input. 

An RC network, connected between the base of the output 
drive transistor and the input voltage, prevents “turn-on over- 
shoof, a condition typical of many operational amplifier reg¬ 
ulator circuits. As the amplifier becomes operational, this RC 
network ceases to have any influence on the regulator per¬ 
formance. 

Precision Voitage-Controiied Osciiiator 

The circuit diagram of a precision voltage-controlled oscilla¬ 
tor is shown In Figure 18. The oscillator operates with a 
tracking error In the order of 0.02% and a temperature coeffi¬ 
cient of 0.01 %/°C. A multivibrator (A1) generates pulses of 


constant amplitude (V) and width (T2). Since the output (Ter¬ 
minal 6) of A1 (a CA3130) can swing within about lOmV of 
either supply-rail, the output pulse amplitude (V) is essen¬ 
tially equal to V+. The average output voltage (Eavg = V T2/T1) 
is applied to the non-inverting input terminal of comparator A2 
via an integrating network R3, C2. Comparator A2 operates 
to establish circuit conditions such that E^vg = VI. This cir¬ 
cuit condition is accomplished by feeding an output signal 
from terminal 6 of A2 through R4, D4 to the inverting termi¬ 
nal (Terminal 2) of A1, thereby adjusting the multivibrator 
interval, T3. 

Voltmeter With High Input Resistance 
The voltmeter circuit shown in Figure 19 illustrates an appli¬ 
cation in which a number of the CA3160 characteristics are 
exploited. Range-switch SW1 is ganged between input and 
output circuitry to permit selection of the proper output volt¬ 
age for feedback to Terminal 2 via 10kl2 current-limiting 
resistor. The circuit is powered by a single 8.4V mercury bat¬ 
tery. With zero input signal, the circuit consumes somewhat 
less than 500)iA plus the meter current required to indicate a 
given voltage. Thus, at full scale Input, the total supply cur¬ 
rent rises to slightly more than ISOOpA. 


2N6385 SHORT-CIRCUIT CURRENT 

POWER DARUNGTON UMIT ADJUSTMENT 



Hum and Noise Output < 250pVRMS: 
Regulation (No Load to Full Load) <0.005%; 
Input Regulation < 0.01 %/V 


FIGURE 17. VOLTAGE REGULATOR CIRCUIT (0.1V TO 35V AT 1 A) 








CA3160. CA3160A 
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Function Generator 

A function generator having a wide tuning range is shown in 
Figure 20. The adjustment range, in excess of 1,000,000/1, 
is accomplished by a single potentiometer. Three opera¬ 
tional amplifiers are utilized: a CA3160 as a voltage follower, 
a CA3080 as a high speed comparator, and a second 
CA3080A as a programmable current source. Three variable 


capacitors Cl, C2, and C3 shape the triangular signal 
between 500kHz and 1MHz. Capacitors C4, C5, and the 
trimmer potentiometer In series with C5 maintain essentially 
constant (+10%) amplitude up to 1MHz. 


VOLTAGE-CONTROLLED 
CURRENT SOURCE^ 


|CA3080^(6] 


BUFFER 

VOLTAGE FOLLOWER 


HIGH 

FREQ. X 
71 SHAPE (7] 


CENTERING n 

lOOkO 

-7.5V o -— "O +7.5V 


THRESHOLD 

DETECTOR 


fpf 

CA316^^^ 

lOkQ 

-©- 

C2 VI/ 

% 

-vVv I 




CA3080^<6] 


7.5V loOkQ +7.5V 


MAX FREQ 
SETH 


lOkQ soon 500Q 

ADJUST 


^ SWEEPING INPUT 


MIN^EQ.SE T 


1 •‘"Jl 

-7.5V * -=r 


± HIGH FREQ 
LEVEL 
•=■ ADJUST 


VSOkQ 2-1N914 





(B) TWO-TONE OUTPUT SIGNAL FROM THE FUNCTION GEN¬ 
ERATOR. A SQUARE WAVE SIGNAL MODULATES THE EX¬ 
TERNAL SWEEPING INPUT TO PRODUCE 1Hz AND 1MHz, 
SHOWING THE 1,000,000/1 FREQUENCY RANGE OF THE 
FUNCTION GENERATOR 


(C) TRIPLE-TRACE OF THE FUNCTION GENERATOR SWEEP¬ 
ING TO 1MHz. THE BOTTOM TRACE IS THE SWEEPING SIG¬ 
NAL AND THE TOP TRACE IS THE ACTUAL GENERATOR 
OUTPUT. THE CENTER TRACE DISPLAYS THE 1MHz SIG¬ 
NAL VIA DELAYED OSCILLOSCOPE TRIGGERING OF THE 
UPPER SWEPT OUTPUT SIGNAL 


FIGURE 20. 1,000,000/1 SINGLE CONTROL FUNCTION GENERATOR: 1MHz to 1Hz 
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100 < 100 «< 
ka> 


ICA3130 >461 


STEP HEIGHT 
ADJUST 
4-60pF,™ 
8.2ka « t 


15-115pF 

FREQ 

ADJUST 


MULTIVIBRATOR 


CHARGE 

COMMUTATING 

NETWORK 


|CA3160X6l 


INTEGRATOR 


STAIRCASE 

OUTPUT 




HYSTERESIS SWITCH 


MULTIVIBRATOR RETRACE INHIBIT 


+15mVTO+10V 


STAIRCASE 
OUTPUT 
2V STEPS 


COMPARATOR 
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11 



(B) STAIRCASE GENERATOR WAVEFORM 

Top Trace: Staircase Output 2V Steps 
Center Trace: Comparator 
Bottom Trace: Oscillator 

FIGURE 21. STAIRCASE GENERATOR CIRCUIT 


Staircase Generator 

Figure 21 shows a staircase generator circuit utilizing three 
CMOS operational amplifiers. Two CA3130's are used; one 
as a multivibrator, the other as a hysteresis switch. The third 
amplifier, a CA3160, is used as a linear staircase generator. 


Picoammeter Circuit 

Figure 22 Is a current-to-voltage converter configuration uti¬ 
lizing a CA3160 and CA3140 to provide a picoampere meter 
for 13pA full scale meter deflection. By placing Terminals 2 
and 4 of the CA3160 at ground potential, the CA3160 Input 
is operated In the “guarded mode”. Under this operating con¬ 
dition. even slight leakage resistance present between Ter¬ 
minals 3 and 2 or between Terminals 3 and 4 would result in 
zero voltage across this leakage resistance, thus substan¬ 
tially reducing the leakage current. 

If the CA3160 is operated with the same voltage on input 
Terminals 3 and 2 as on Terminal 4, a further reduction in the 
input current to the less than one picoampere level can be 
achieved as shown In Figure 9. 

To further enhance the stability of this circuit, the CA3160 
can be operated with its output (Terminal 6) near ground, 
thus markedly reducing the dissipation by reducing the sup¬ 
ply current to the device. 

The CA3140 stage serves as a XI00 gain stage to provide 
the required plus and minus output swing for the meter and 
feedback network. A 100-to-1 voltage divider network con¬ 
sisting of a 9.9kG resistor in series with a 100G resistor sets 
the voltage at the 10GG resistor (In series with Terminal 3) to 
±30mV full-scale deflection. This 30mV signal results from 
±3V appearing at the top of the voltage divider network 
which also drives the meter circuitry. 

By utilizing a switching technique in the meter circuit and in 
the 9.9kQ and 100G network similar to that used in voltmeter 
circuit shown in Figure 19, a current range of 3pA to 1nA full 
scale can be handled with the single 10GG resistor. 
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CA3160, CA3160A 



ICA3160 ^6 1 


ICA3140>-(6J 


■=■ 0.1 ^iF 

- 

J_ -15^ 


(M) 500>0-500hA 


FIGURE 22. CURRENT-TO-VOLTAGE CONVERTER TO PROVIDE A PICOAMMETER WITH ±3pA FULL SCALE DEFLECTION 
+15V 9 lOOkD o +15V 




CA3160 


^39kD > g^Q 


OFFSET 9.1 
VOLTAGE 
ADJUST 


k 1N914 jcA3080«-^—-]- 

^ iookQ<.^_ yj 

. 0.1nF ® ^ ] 

' T DROOP > 

27kQ< ZERO ^39kO 

T ADJUST 1 


ICA3140;>K6) 


STROBE INPUT 

SAMPLE-15V 

HOLD - OV »— 


SAMPLED 

OUTPUT 


INPUT 

SIGNAL 

SAMPLING 

PULSES 



SAMPLED 

OUTPUT 

OV- 


SAMPUNG 

PULSE 



(B) SAMPLE AND HOLD WAVEFORM 

Top Trace: Sampled Output 
Center Trace: Input Signal 
Bottom Trace: Sampling Pulses 


(C) SAMPLE AND HOLD WAVEFORM 

Top Trace: Sampled Output 
Center Trace: Input 
Bottom Trace: Sampling Pulses 


FIGURE 23. SINGLE SUPPLY SAMPLE AND HOLD SYSTEM, INPUT OV TO 10V 
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Single Supply Sample-and>Hoid System 

Figure 23 shows a single supply sample-and-hold system 
using a CA3160 to provide a high input impedance and an 
input-voltage range of OV to 10V. The output from the Input 
buffer integrator network is coupled to a CA3080A. The 
CA3080A functions as a strobeable current source for the 
CA3140 output integrator and storage capacitor. The 
CA3140 was chosen because of its low output impedance 
and constant gain-bandwidth product. Pulse “droop” during 
the hold interval can be reduced to zero by adjusting the 
lOOkQ bias-voltage potentiometer on the positive input of 
the CA3140. This zero adjustment sets the CA3080A output 
voltage at its zero current position. In this sample-and-hold 
circuit it is essential that the amplifier bias current be 
reduced to zero to minimize output signal current during the 
hold mode. Even with 320mV at the amplifier bias circuit ter¬ 
minal (5) at least 1 lOOpA of output current will be available. 

Wien Bridge Oscillator 

A simple, single supply Wien Bridge oscillator using a 
CA3160 Is shown In Figure 24. A pair of parallel-connected 
1N914 diodes comprise the gain-setting network which stan¬ 
dardizes the output voltage at approximately 1.1V. The 500Q 
potentiometer is adjusted so that the oscillator will always 
start and the oscillation will be maintained. Increasing the 
amplitude of the voltage may lower the threshold level for 
starting and for sustaining the oscillation, but will introduce 
more distortion. 



FIGURE 24. SINGLE SUPPLY WEIN BRIDGE OSCILLATOR 
Operation with Output Stage Power Booster 

The current sourcing and sinking capability of the CA3160 
output stage is easily supplemented to provide power-boost 
capability. In the circuit of Figure 25, three CMOS transistor- 
pairs in a single CA3600 1C array are shown parallel-con¬ 
nected with the output stage in the CA3160. In the Class A 
mode of CA3600E shown, a typical device consumes 20mA 
of supply current at 15V operation. This arrangement boosts 
the current-handling capability of the CA3160 output stage 
by about 2.5X. 

The amplifier circuit in Figure 25 employs feedback to estab¬ 
lish a closed-loop gain of 20dB. The typical large-signal- 
bandwidth (-3dB) Is 190kHz. 



0.01 

..A. 

-4-.4 

IfiF 

“ * CA3600* i 

_L_L 

■ M ^ 

1 

pi 

p2 T 

p3 

© 

« 

1 

1 

pH 



680kQ i Kj 

% 


n 


-Wr- 

1 


A\ 



ICA3160 >-(6] 


AsZOdB 
LARGE SIGNAL 
BW(-3dB)» 190kHz 


n1 I n2 I n3 



*SEE FILE NUMBER FN619 

FIGURE 25. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA3160 
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SEMICONDUCTOR 


CA3193 


March 1993 


BiCMOS Precision 
Operationai Amplifiers 


Features 

• LowVio 

- CA3193A. 

- CA3193 .. 


.200^V (Max) 
.SOO^V (Max) 


Low AVk/AT 

- CA3193A.. 

- CA3193 ... 


.3^lV/®C (Max) 
.5^V/®C (Max) 


• Lowl|oandl| 

• LowAI|o/AT: CA3193. 

• LowAI/AT: CA3193.. 


.150pA/®C (Max) 
. 3.7nA/®C (Max) 


Applications 

• Thermocouple Preamplifiers 

• Strain Gauge Bridge Amplifiers 

• Summing Amplifiers 

• Differential Amplifiers 

• Bilateral Current Sources 

• Log Amplifiers 

• Differential Voltmeters 

• Precision Voltage References 

• Active Filters 

• Buffers 

• Integrators 

• Sample-and-Hoid Circuits 

• Low Frequency Filters 


Description 

The CA3193A and CA3193 are uitra>stable, precision 
instrumentation, operational amplifiers that employ both 
PMOS and bipolar transistors on a single monolithic chip. 
The CA3193A and CA3193 amplifiers are internally phase 
compensated and provide a gain bandwidth product of 
1.2MH2. They are pin compatible with the industry 741 
series and many other 1C op amps, and may be used as 
replacements for 741 series types in most applications. 

The CA3193A and CA3193 can also be used as functional 
replacements for op amp types 725, 108A, OP-5, OP-7, 
LM11 and LM714 in many applications where nulling is not 
employed. Because of their low offset voltage and low offset 
voltage vs temperature coefficient the CA3193A and 
CA3193 amplifiers have a wider range of applications than 
most op amps and are particularly well suited for use as 
thermocouple amplifiers, high gain filters, buffer, strain 
gauge bridge amplifiers and precision voltage references. 

The two types in the CA3193 series are functionally 
Identical. The CA3193A and CA3193 operate from supply 
voltages of ±3.5V to ±18V. 

Ordering Information 

I PART I TEMPERATURE I I 


-25°C to +85°C 8 Lead Plastic DIP 

-25®C to +85®C 8 Pin TO-5 Can 

0°C to +70°C 8 Lead Plastic DIP 

0°Cto+70°C 8 Pin TO-5 Can 


Pinouts 


CA3193 
(TO-5 CAN) 
TOP ViEW 
NC 

IT^tab 


OFFSET NULL (1J 


INV. INPUT (2J 


NON-INV. INPUT (3} 


OFFSET NULL 


INV. INPUT Li 
NON-INV. INPUT n 


CA3193 
(PDIP) 
TOP VIEW 


(5) OFFSET NULL 



5j OFFSET NULL 


NOTE: Pin 4 is connected to case on S and T suffix. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 o len 


File Number 1249.1 














Specifications CA3193, CA3193A 


Absolute Maximum Ratings 


Operating Conditions 


DC Supply Voltage. 

.±18V 

Operating Temperature Range 


Differential Input Voltage. 

.5V 

CA3193A. 

...-as^CiSTA^+es^c 

DC Input Voltage. 

.(V+ -4), V- 

CA3193. 

....0°C<Ta^ + 70°C 

Input Current. 

Power Dissipation 

.1mA 

Storage Temperature Range. 

..-65°C<Ta^+150°C 

Without Heat Sink 




Up to +55°C. 

. 630mW 



Above+55°C. 

Derate Linearly 6.67mW/°C 



Junction Temperature. 

. +175°C 



Junction Temperature (Plastic Package) 

.+150°C 



Output Short Circuit Duration (Note 1).. 




Lead Temperature (Soldering 10 Sec.).. 

. +300 ®C 



CAUTION: Stresses above those listed In “Absolute Maximum Ratings" may cause permanent damage to the device. Thi%is a stress only rating and operation 

of tile device at these or any otiier conditions above those indicated in the qDeratbnal sections of this ^ecification is not implied. 


Electrical Specifications t^ = 

25°C, V+ = 15V and V- = -15V, Unless Otherwise Specified. 



PARAMETERS 


Input Offset Voltage lV|o 


V,o at MaxTemp. 


Input Offset Voltage Temperature Coefficient 
(Over Specified Temperature Range for Each 
Device) 


Input Offset Current 


liol at Max. Temp. 


Input Offset Current Temp. Coefficient 
(Over Specified Temperature Range for Each 
Device) 


Input Bias Current 


IbI at Max. Temp. 


Input Bias Current Temp. Coefficient 


Input Noise Voltage (0.1 to 10Hz) 


input Noise Voltage Density 
fslOHz 


f r: 100Hz 


f= 1000Hz 


f= 10kHz 


f= 100kHz 


Input Noise Current (0.1 to 10 Hz) 


input Noise Current Density 
f= 10Hz 


f= 100Hz 


f= 1000Hz 


f= 10kHz 


f= 100kHz 


Common-Mode Input Voltage Range 
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Specifications CA3193, CA3193A 


Electrical Specifications = 25°C, V+ = ISV and V- = -ISV, unless otherwise Specified. (Continued) 



Maximum Output Voltage Swing (Rl ^ 2Ka) 


Large-Signal Voltage Gain (Vq » ±10) 
Rl^2KQ 


Short-Circuit Output Current to the Opposite 
Rail 


Slew Rate, (R^^ 2KQ; Unity Gain Voltage Fol¬ 
lower) 


Gain-Bandwidth Product, Aql = OdB, Rl = 2kQ, 
CL=100pF,V,N = 20,f = 1 kHz 


Small-Signal Transient Response 
(V,N = 20mVp.p,f=:1kHz) 


Supply Current, Rl * oo, v+ = 15, V- *= -15 


Temperature Range 


1. Short circuit may be applied to ground or to either supply. 
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CA3193, CA3193A 


Schematic Diagrams 




FIGURE 3. SCHEMATIC DIAGRAM OF CA3193A AND CA3193 
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Circuit Description 

The block diagram of the CA3193 amplifier, Figure 1 shows 
the voltage gain and supply current for each of its four ampli¬ 
fier stages. Simplified and complete schematic diagrams of 
the CA3193 amplifier are shown in Figures 2 and 3, respec¬ 
tively. 

A quad of physically cross-connected n-p-n transistors com¬ 
prise the Input-stage differential pair (Q1, Q2 In Figures 2 
and 3); this arrangement contributes to the low input offset- 
voltage characteristics of the amplifier. The ultra-high gain 
provided in the first stage ensures that subsequent stages 
cannot significantly influence the overall offset-voltage char¬ 
acteristics of the amplifier. High load impedances for the 
input-stage differential pair (Q1, Q2) are provided by the cas- 
code-connected p-n-p transistors Q3, Q5 and Q4, Q6, 
thereby contributing to the high gain developed in the stage. 

The second stage of the amplifier consists of a differential 
amplifier employing PMOS/FETs (Q7, Q8 in Figures 2 and 
3) with appropriate drain loading. Since Q7 and Q8 are MOS/ 
FETs, their loading on the first stage is quite low, thereby 
making an additional contribution to the high gain developed 


in the first stage. The second stage is also configured to con¬ 
vert its differential signal to a single-ended output signal by 
means of current mirror D9, Q30 (Figures 2 and 3) to drive 
subsequent gain stage. 

The third stage of the amplifier consists of Darlington-con¬ 
nected n-p-n transistors (Q17, Q19 In Figures 2 and 3), driv¬ 
ing the quasi-complementary Class AB output stage (Q14 
and Q15, Q16 in Figures 2 and 3). Output-stage short-circuit 
protection is activated by voltage drops developed across 
the 600 resistors adjacent to the output terminal (R9 and 
RIO, Figure 3). When the voltage drop developed across 
either of these resistors reaches a potential equal to 1 Vbe. 
the respective protective transistor (Q12 or Q13) is activated 
and shunts the base drive from the bases of the output stage 
transistors (Q14 and Q15, Q16). 

internal frequency compensation for the CA3193 amplifier is 
provided by two Internal networks, a 6pF capacitor con¬ 
nected between the input-stage transistor collectors and the 
node between the third and output stages and a second net¬ 
work, consisting of a 20pF capacitor In series with a 7.5kD 
resistor connected between the input and output nodes of 
the third stage. 


Typical Performance Curves 



TEMPERATURE C*C) 

FIGURE 4. TYPICAL INPUT OFFSET-VOLTAGE TEMPERA¬ 


TURE CHARACTERISTIC 



TIME AT AMBIENT TEMPERATURE s 125®C (HOURS) 


0 385 770 1155 

EQUIVALENT TIME AT TEMPERATURE » 25"C (DAYS) 

FIGURES. INPUT OFFSET VOLTAGE vs TIME 






(nV/VH5 


CA3193, CA3193A 
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CA3193, CA3193A 


Typical Performance Curves (Continued) 


CA3193A (-25®C to 85®C)| 


CA3193 (0®Cto70®C). 


Ta = +25®C, UPPER SUPPLY VOLTAGE 
^ FOR CA3193A AND CA3193 IS ±18V 


50 100 150 

TEMPERATURE (®C) 

FIGURE 12. OPEN-LOOP GAIN vs TEMPERATURE 


SUPPLY VOLTAGE (±V) 
FIGURE 13. 
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FREQUENCY (Hz) 

FIGURE 14. MAXIMUM UNDISTORTED OUTPUT VOLTAGE vs 
FREQUENCY 


SUPPLY VOLTAGE (±V) 

FIGURE 16. OUTPUT-VOLTAGE-SWING CAPABILITY AND 

COMMON-MODE INPUT-VOLTAGE vs SUPPLY 
VOLTAGE 


Offset Voltage Nulling 

The input offset voltage can be nulled to zero by any of the either of the other two circuits shown below may be used, 


three methods shown in the table below. A 10K potentiome¬ 
ter between terminals 1 and 5, with its wiper returned to V-, 
will provide a gross nulling for all types. For finer nulling, 


thus providing simpler improved resolution for all types. 

CAUTION: The CA3193 amplifiers will be damaged if they are 
plugged into op-amp circuits employing nulling with respect to the 
V+ supply bus. 
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Offset Voltage Nulling 


OFFSET NULUNG 
CIRCUITS 


CA3193A 


CA3193 


Test Circuits 


(T^X-© o-X^ 


RESISTOR RVALUE 


10K 


RESISTOR RVALUE 



RESISTOR RVALUE 


10K 

50K 

10K 

10K 

20K 

5K 

Gross Offset Adjustment 

Finer Offset Adjustments 



FIGURE 16. INPUT OFFSET VOLTAGE TEST CIRCUIT 
10K 


CM 


VoUT « -V|N 

(A) 


I 

m 200pF I 

iJ 1 



TOP TRACE: INPUT VOLTAGE 
BOTTOM TRACE: OUTPUT VOLTAGE 


V+ = 15V 
V- = -15V 


Rl = 10K 


FIGURE 17. INVERTING AMPLIFIER (A) TEST CIRCUIT (B) RESPONSE TO 1kHz, 20Vp^ SQUARE WAVE 
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CA3193, CA3193A 



Test Circuits (continued) 


SIMULATED 

LOAD 


TOP TRACE: INPUT VOLTAGE 
BOTTOM TRACE: OUTPUT VOLTAGE 


VERT: 


HORZ: 


FIGURE 18. VOLTAGE FOLLOWER (A) TEST CIRCUIT (B) RESPONSE TO 20Vp.p, 1kHz SQUARE WAVE INPUT 


LOW PASS 
RLTER 
DC TO 10Hz 


HIGH PASS 
RLTER 
0.1 TO10HZ 


3C0PE 

INPUT 

RESISTANCE 


1000 S 100Q 
1 % > 1 % 


20kn<20l 


NOISE 


22x10' 


FIGURE 19. LOW FREQU^Y NOISE (A) TEST CIRCUIT - 0.1 TO 10Hz (B) OUTPUT ® WAVEFORM - 0 TO 10Hz NOISE 
(C) OUTPUT ® WAVEFORM - 0.1 TO 10Hz NOISE 
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CA3193, CA3193A 


Application Circuits 





ALL RESISTANCE VALUES ARE IN OHMS 


V = Y ( . .- 

OUT 




/■ R2 , \ R4 / R4 \ 

= -V, (— +1) —+V. (—+ 1 ) 
■ R1 R3 ** R3 


R1 R3 

FOR IDEAL RESISTORS WITH — = — 
R2 R4 


''out = ''b-v.(-+i) 


= (^+1) 


FOR VALUES ABOVE Vqut » (Vb - V.) (lO) 


R2 R4 

IF R4*R^ R3=R1 AND — = — 
R1 R3 


= (v,-v,)(^) 


FOR VALUES ABOVE Vqut” 2(V2 - V^) 

IF Ay IS TO BE MADE I AND IF R1 s R3 s R4 s R 
WITH R2 s 0.999R (0.1% MISMATCH IN R2) 

THEN VocM « 0.0005 V|n OR CMRR « 66dB 

THUS, THE CMRR OF THIS CIRCUIT IS UMITED BY 
THE MATCHING OR MISMATCHING OF THIS NETWORK 
RATHER THAN THE AMPUFIER. 


CM 


FIGURE 20. TYPICAL TWO-OP AMP BRIDGE-TYPE DIFFEREN- FIGURE 21. DIFFERENTIAL AMPLIFIER (SIMPLE SUBTRACT 
TIAL AMPLIFIER ER) USING CA3193 



Rl 

(0QTO3.0kO) 
WITH V = IV 


ALL RESISTORS ARE 1% 

IF Rl = R3 AND R2 » R4 R5 THEN 
II is INDEPENDENT OF VARIATIONS IN R|. 

FOR Rl VALUES OF OO TO 3kO WITH V = 1V 

VR4 v(im) V 

I = - = -7- — -^ = — = SOO^A 

^ R3R5 (2M) (ik) 2K 



Rp Rp Rp 

= “( — V. H-V2 H-V3) 

Rl ^ R2 R3 


VouT»-(2Vi+2V2 + 2V3) 

ALL RESISTANCE VALUES ARE IN OHMS 


FIGURE 22. USING CA3193 AS A BILATERAL CURRENT 
SOURCE 


FIGURE 23. TYPICAL SUMMING AMPLIFIER APPLICATION 
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CA3193, CA3193A 


Application Circuits (Continued) 


22M 22M 22M 


10K JCA31^ 


THERMOCOUPLE t 


0.1jiF;p 20K< <20K 


ALL RESISTORS ARE 1 % ■=“ 

ALL RESISTORS ARE IN OHMS 

FIGURE 24. THE CA3193 USED IN A THERMOCOUPLE CIRCUIT 


The CA3193 Is an excellent choice for use with thermocou- nal 500 times. The three 22-megohm resistors will provide 
pies. In Figure 24. the CA3193 amplifies the generated sig- full-scale output If the thermocouple opens. 
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SEMICONDUCTOR 


CA3240 


March 1993 


Features 

• Dual Version of CA3140 

• Internally Compensated 

• MOSFET Input Stage 

- Very High Input Impedance (Z|m) 1.5Ta Typ 

- Very Low Input Current (l|) lOpA Typ. at ±15V 

- Wide Common-Mode Input Voltage Range (V|cr): Can be 
Swung 0.5V Below Negative Supply Voltage Rail 

• Directly Replaces Industry Type 741 In Most Applications 

Applications 


• Ground Referenced Single Amplifiers In Automobile and Porta¬ 
ble Instrumentation 

• Sample and Hold Amplifiers 

• Long Duration Timers/Multivibrators (Microseconds-Minutes- 
Hours) 

• Photocurrent Instrumentation 

• Intrusion Alarm System • Active Filters 

• Comparators • Function Generators 

• Instrumentation Amplifiers • Power Supplies 


Dual BiMOS Operational Amplifier 
with MOSFET Inpu/Bipolar Output 


Description 

The CA3240A and CA3240 are dual versions of the 
popular CA3140 series integrated circuit operational 
amplifiers. They combine the advantages of MOS and 
bipolar transistors on the same monolithic chip. The 
gate-protected MOSFET (PMOS) input transistors pro¬ 
vide high input impedance and a wide common-mode 
input voltage range (typically to 0.5V below the nega- 
^ tive supply rail). The bipolar output transistors albw a 
wide output voltage swing and provide a high output 
current capability. 

The CA3240A and CA3240 are compatible with the 
industry standard 1458 operatbnal amplifiers in similar 
packages.The offset null feature is availabb only when 
these types are supplied in the 14 lead dual-in-line 
plastic package (El suffix). 


Ordering Information 


PART TEMPERATURE 

NUMBER _ RANGE _ PACKAGE 

CA3240AE -40°C to +85°C 8 Lead Plastfc DIP 

CA3240AE1 -40°C to +85°C 14 Lead Plastic DIP 


Pinouts 


CA3240, CA3240A 
(PDIP) 

TOP VIEW 


OUTPUT (A) LL 
INV. r- 
INPUT (A) LI 
NON-INV. |T 
INPUT (A) *— 

V- IZ 


2J OUTPUT 

■SJ INPUT (B) 
71 NON-INV. 
INPUT (B) 


CA3240, CA3240A 
(PDIP) 

TOP VIEW 


INV-rr 
INPUT (A) LL 
NON-INV. rr 
INPUT (A) ^ 
OFFSET [5 
NULL (A) ^ 
V-E 
OFFSET rr- 
NULL (B) Li 
NON - INV. rr 


bi ofpset 

pi NULL (A) 


12] OUTPUT (A) 

niNc 

OUTPUT (B) 

9]V+* 

E ' OFFSET 
NULL (B) 


* Pins 9 and 13 internally connected through approximately 3D 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 o 



CM 



File Number 1050.2 


OPERATIONAL 

AMPLIFIERS 












Specifications CA3240, CA3240A 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (between V+ and V-).36V Operating Temperature Range.-40°C ^ ^ +85°C 

Differential Input Voltage....8V Storage Temperature Range.-65°C < T^ ^+150°C 

Input Voltage.(V+ +8V) to (V- -0.5V) Operating Voltage Range.4V to 36V or ±2V to ±18V 

Input Current. 1mA 

Output Short Circuit Duration (Note 1).indefinite 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.)...+300°C 

CAUTION: Stresses abow those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This b a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications For Equipment Design, V+ = 15V, V- ~ -15V, Ta = +25°C, Unless Otherwise Specified 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Large-Signal Voltage Gain 
(See Figures 2,17) 


Comnrwn-Mode Rejection Ra- CMRR 
tio (See Figure 7) 


Common-Mode Input Voltage 
Range (See Figure 14) 


Power Supply Rejection Ratio AV,o/AV± 

(See Figure 9) 


Maximum Output Voltage 
(Note 3) 

(See Figures 14,20) 


Maximum Output Voltage 
(Note 4) 


Supply Current (See Rgure 5) 
For Both Amps. 


Total Device Dissipation 



1. Short circuit may be applied to ground or to either supply. Temperatures and/or supply voltages must be limited to keep dissipation within 
maximum rating. 

2. At Vo = 26Vp-p, +12V, -14V and Rl = 2kQ. 

3. At Rl = 2kO. 

4. At V+ = 5V, V- = GND, Isink = 200pA. 
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Specifications CA3240, CA3240A 


Electrical Specifications For Equipment Design, V+ - +15V, V- = -15V, Ta = +25°C, Uniess otherwise Specified 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

TYPICAL VALUES 

UNITS 

CA3240A 

CA3240 

Input Offset Voltage Adjustment Resistor 
(El Package Only) 


Typical Value of Resistor Between 
Terms. 4 and 3(5) or Between 4 and 
14(8) to Adjust Maximum V|o 

18 

■ 

kO 

Input Resistance 

Ri 


1.5 

1.5 

TO 

Input Capacitance 

c, 


4 

4 

PF 

Output Resistance 

Rq 


60 

60 

Q 

Equivalent Wideband Input Noise Voltage 
(See Figure 19) 

®N 

BW=:140kH2, Rs=1MO 

48 

48 

pV 

Equivalent Input Noise Voltage 
(See Figure 8) 

©N 

f=1kHz, Rs = 100Q 

40 

40 

nV/VHz 

f= 10kHz, Rs=100Q 

12 

12 

nV/VHz 

Short-Circuit Current to Opposite Supply 

•0M+ 

Source 

40 

40 

mA 


Sink 

11 

11 

mA 

Gain Bandwidth Product (See Figures 3 
and 17) 

■ 


4.5 

B 

MHz 

Slew Rate (See Figure 4) 

SR 


9 

9 

V/ps 

Transient Response: 

Rise Time 


RL = 2kQ, Cl=100pF 

0.08 

0.08 

ps 

Overshoot (See Figure 18) 

OS 

RL = 2kQ, Cl==100pF 

10 

10 

% 

Settling Time at 10 Vp-p (See Figure 15) 

ImV 

ts 

Rl = 2kO, Cl = 10OpF, Voltage Follower 

■ 

■ 

ps 

lOmV 

ts 

Rl = 2kO, Cl = 10OpF, Voltage Follower 

1.4 

1.4 

ps 

Crosstalk 


f=1kHz 

120 

120 

dB 




























































































Specifications CA3240, CA3240A 


Electrical Specifications For Equipment Design at V-I- 15V, V-»-15V, Ta ::: -40 to +85^C, Uniess aherwise Specified 


PARAMETERS 

SYMBOL 

TYPICAL VALUES 

UNITS 

CA3240A 

CA3240 

input Offset Voltage 

IVk)I 

3 

10 

mV 

input Offset Current (Note 3) 

lliol 

32 

32 

pA 

Input Current (Note 3) 


640 

640 

pA 

Large Signal Voltage Gain (See Figures 2,17) 

(Note 1) 

63 

63 

kV/V 

96 

96 

dB 

Common Mode Rejection Ratio (See Figure 7) 

CMRR 

32 

32 

pV/V 

90 

90 

dB 

Common Mode input Voltage Range (See Figure 14) 

V|CR 

-15 to +12.3 

-15 to+12.3 

V 

Power Supply Rejection Ratio (See Figure 9) 

AV,o/AV± 

150 

150 

pV/V 

PSRR 

76 

76 

dB 

Maximum Output Voltage (Note 2) (See Figures 14 and 20) 

VoM+ 

12.4 

12.4 

V 

VoM" 

-14.2 

-14.2 

V 

Supply Current (See Figure 5) For Both Amps 

1+ 

8.4 

8.4 

mA 

Total Device Dissipation 

Pd 

252 

252 

mW 

Temperature Coefficient of input Offset Voltage 

AV,o/AT 

15 

15 

pV/°C 


NOTES: 

1. At Vo = 26Vp-p, +12V, -14V and Rl = 2ka 

2. At Rl = 2kQ. 

3. AtTA = +85®C. 
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Specifications CA3240, CA3240A 


Electrical Specifications For Design Guidance at V+ = SV, V- = OV, Ta = +25°C, Unless Othenwise Specified 


PARAMETERS 

SYMBOL 

TYPICAL VALUES 

UNITS 

CA3240A 

CA3240 

Input Offset Voltage 

IVk>I 

2 

5 

mV 

Input Offset Current 

«l|ol 

0.1 

0.1 

pA 

Input Current 

i| 

2 

2 

pA 

Input Resistance 

R|N 

1 

1 

TQ 

Large Signal Voltage Gain (See Figures 2 and 17) 

Adl 

100 

100 

kV/V 

100 

100 

dB 

Common-Mode Rejection Ratio 

CMRR 

32 

32 

|iV/V 

90 

90 

dB 

Common-Mode Input Voltage Range (See Figure 14) 

■ 

-0.5 

-0.5 

V 

2.6 

2.6 

V 

Power Supply Rejection Ratio 

PSRR 

31.6 

31.6 

pV/V 

90 

90 

dB 

Maximum Output Voltage (See Figures 14 and 20) 

VoM+ 

3 

3 

V 

VoM- 

0.3 

0.3 

V 

Maximum Output Current 

Source 

•oM+ 

20 

20 

mA 

Sink 

•OM- 

1 

1 

mA 

Slew Rate (See Figure 4) 

SR 

7 

7 

V/ps 

Gain Bandwidth Product (See Figure 3) 

h 

4.5 

4.5 

MHz 

Supply Current (See Figure 5) 

\+ 

4 

4 

mA 

Device Dissipation 

Pp 

20 

20 

mW 






















































































CA3240, CA3240A 


Schematic Diagram 


BIAS CIRCUIT INPUT STAGE SECOND STAGE OUTPUT STAGE DYNAMIC CURRENT SINK 



ALL RESISTANCE VALUES ARE IN OHMS. 

*ONLY AVAILABLE WITH 14 LEAD DIP (El SUFFIX) 


FIGURE 1. SCHEMATIC DIAGRAM OF ONE-HALF CA3240 SERIES. 


Circuit Description 

The schematic diagram of one amplifier section of the 
CA3240 is shown in Figure 1. It consists of a differential 
amplifier stage using PMOS transistors Q9 and Q10 with 
gate-to-source protection against static discharge damage 
provided by zener diodes D3, D4, and D5. Constant current 
bias is applied to the differential amplifier from transistors Q2 
and Q5 connected as a constant current source. This 
assures a high common-mode rejection ratio. The output of 
the differential amplifier is coupled to the base of gain stage 
transistor Q13 by means of an n-p-n current mirror that sup¬ 
plies the required differential-to-single-ended conversion. 
Provision for offset null for types in the 14 lead plastic pack¬ 
age (El suffix) is provided through the use of this current 
mirror. 

The gain stage transistor Q13 has a high impedance active 
load (Q3 and Q4) to provide maximum open-loop gain. The 
collector of Q13 directly drives the base of the compound 
emitter-follower output stage. Pulldown for the output stage 


is provided by two Independent circuits: (1) constant-current- 
connected transistors Q14 and Q15 and (2) dynamic cur- 
rent-sink transistor Q16 and its associated circuitry. The level 
of pulldown current is constant at about 1mA for Q15 and 
varies from 0 to 1dmA for Q16 depending on the magnitude 
of the voltage between the output terminal and V+. The 
dynamic current sink becomes active whenever the output 
terminal is more negative than V+ by about 15V. When this 
condition exists, transistors Q21 and Q16 are turned on 
causing Q16 to sink current from the output terminal to V-. 
This current always flows when the output is in the linear 
region, either from the load resistor or from the emitter of 
Q18 if no load resistor is present. The purpose of this 
dynamic sink is to permit the output to go within 0.2V (Vqe 
( sat)) of V- with a 2kQ load to ground. When the load is 
returned to V+, it may be necessary to supplement the 1mA 
of current from Q15 in order to turn on the dynamic current 
sink (Q16). This may be accomplished by placing a resistor 
(Approx. 2ki^) between the output and V-. 






















CA3240, CA3240A 


Typical Performance Curves 
I—'—'—I—I—I—I— 

RL«2kn 


RL«2kn 

Cl»100pF. 


Ta*-40«C 


■ Ta»-40®C“ 
+25®C 


10 15 

SUPPLY VOLTAGE (V) 


10 15 20 

SUPPLY VOLTAGE (V) 


FIGURE 2. OPEN LOOP VOLTAGE GAIN vs SUPPLY VOLTAGE FIGURE 3. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE 



0 5 10 15 20 

SUPPLY VOLTAGE (V) 

FIGURE 4. SLEW RATE VS SUPPLY VOLTAGE 



0 5 10 15 20 

SUPPLY VOLTAGE (V) 

FIGURE 5. QUIESCENTSUPPLYCURRENTvsSUPPLYVOLTAGE 


SUPPLY VOLTAGE: V+ «15V, V- = -15V 
Ta ■ +25®C 


SUPPLY VOLTAGE: V+ > 15V, V- s -15V 
Ta«+25®C 


fill 


10K * ^ ® 100K * ^ ® *1M * 4M 10^ 10* 10® 10^ 10® 10® 10^ 

FREQUENCY (Hz) FREQUENCY (Hz) 

FIGURE 6. MAXIMUM OUTPUT VOLTAGE SWING vs FREQUENCY RGURE 7. COMMON MODE REJECTION RATIO vs FREQUENCY 
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CA3240, CA3240A 


Typical Performance Curves (continued) 


lllllllll 
lllllli 

Ill 

liiiiilliiilliiiEaiililiii 


FREQUENCY (Hz) 


SUPPLY VOLTAGE: s 15V, V> s .15V 

TAa+25®C 

I I I I . I f.I 41 POWER SUPPLY 

I REJECTION RATIO s AV|o/AV 


■IliSSilllliiilSBBIIIIIIIII 
■lll■■kS!i■IIIK!l I I _ 


FREQUENCY (Hz) 


FIGURE 8. EQUIVALENT INPUT NOISE VOLTAGE vs FREQUENCY FIGURE 9. POWER SUPPLY REJECTION RATIO vs FREQUENCY 
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CA3240, CA3240A 


Typical Performance Curves (continued) 


OUTPUT VOLTAGE (+Vo) 

— COMMON-MODE VOLTAGE (+V,cr)_ 

I I 

-Ta ■ +25®C- 

Ta ■ +«5®C Ta ■ +85®C 


OUTPUT VOLTAGE (+Vo) 

— COMMON-MODE VOLTAGE (+V|cr) 





= 0 5 10 15 20 25 0 5 10 15 20 25 

SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 

FIGURE 14. OUTPUT-VOLTAcIe-SWING CAPABILITY AND COMMON MODE INPUT VOLTAGE Ra\?^E vs SUPPLY VOLTAGE AND 
TEMPERATURE 





SIMULATED 

LOAD 

.... >j.., 

100 pF^ ^2kQ 


2 4 6 8. 


(A) SETTLING TIME (ps) 


(B) TEST CIRCUIT (FOLLOWER) 


SIMULATED 

LOAD 

■^"ri 

lOOpFTi; ^2kO 


:4.99kO -15V 


^-p 0.1 I 


' SETTUNG POINT 


D1 A D2 
IN914 IN914 


(C) TEST CIRCUIT (INVERTING) 

FIGURE 15. INPUT VOLTAGE vs SETTLING TIME 
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INPUT CURRENT (pA) 


CA3240, CA3240A 



Top Trace: Input 
(50mV/Div.; 200ns/Div.) 

Bottom Trace: CXitput 
(50mV/Dlv.; 200ns/Div.) 



(A) SMALL SIGNAL RESPONSE 


Top Trace: Input 
(5V/DIV.; Ips/Div.) 

Bottom Trace: Output 
(5V/Div.; 1ps/Dlv.) 



(B) LARGE SIGNAL RESPONSE 



FIGURE 18. SPLIT-SUPPLY VOLTAGE FOLLOWER TEST CIRCUIT AND ASSOCIATED WAVEFORMS 


OPEN LOOP PHASE (DEGREES) 




































CA3240, CA3240A 


Typical Performance Curves (continued) 


NOISE 

VOLTAGE 

OUTPUT 



0.01 


BW (-3dB) = 140kHz > i 

TOTAL NOISE VOLTAGE •= 

(REFERRED TO INPUT)« 48^V TYP. 

FIGURE 19. TEST CIRCUIT AMPLIFIER (30 dB GAIN) USED FOR 
WIDEBAND NOISE MEASUREMENT 


Applications Considerations 

Output Circuit Considerations 

Figure 20 shows output current-sinking capabilities of the 
CA3240 at various supply voltages. Output voltage swing to 
the negative supply rail permits this device to operate both 
power transistors and thyristors directly without the need for 
level-shifting circuitry usually associated with the 741 series 
of operational amplifiers. 

Figure 21 shows some typical configurations. Note that a 
series resistor, Rl, is used in both cases to limit the drive 
available to the driven device. Moreover, It is recommended 
that a series diode and shunt diode be used at the thyristor 
input to prevent large negative transient surges that can 
appear at the gate of thyristors, from damaging the Inte¬ 
grated circuit. 

Input Circuit Considerations 

As Indicated by the typical V|cr, this device will accept Inputs 
as low as 0.5V below V-. However, a series current-limiting 
resistor Is recommended to.limit the maximum input terminal 
current to less than 1mA to prevent damage to the Input pro¬ 
tection circuitry. 

Moreover, some current-limiting resistance should be pro¬ 
vided between the inverting Input and the output when the 
CA3240 is used as a unity-gain voltage follower. This resis¬ 
tance prevents the possibility of extremely large input-signal 
transients from forcing a signal through the input-protection 
network and directly driving the internal constant-current 
source which could result in positive feedback via the output 
terminal. A 3.9kn resistor is sufficient. 


LOAD (SINKING) CURRENT (mA) 

FIGURE 20. VOLTAGE ACROSS OUTPUT TRANSISTORS 015 
AND 016 AS A FUNCTION OF LOAD CURRENT 


The typical Input current is in the order of lOpA when the 
inputs are centered at nominal device dissipation. As the 
output supplies load current, device dissipation will increase, 
rasing the chip temperature and resulting in increased input 
current. Figure 22 shows typical input-terminal current ver¬ 
sus ambient temperature for the CA3240. 



FIGURE 21. METHODS OF UTILIZING THE Vce (sat) SINKING 
CURRENT CAPABILITY OF THE CA3240 SERIES 
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CA3240, CA3240A 



-60 -40 -20 0 20 40 60 60 100 130 140 

TEMPERATURE (®C) 

FIGURE 22. INPUT CURRENT vs AMBIENT TEMPERATURE 

It is well known that MOSFET devices can exhibit slight 
changes in characteristics (for example, small changes in 
input offset voltage) due to the application of large differen¬ 
tial input voltages that are sustained over long periods at ele¬ 
vated temperatures. 

Both applied voltage and temperature accelerate these 
changes. The process is reversible and offset voltage shifts 
of the opposite polarity reverse the offset. In typical linear 
applications, where the differential voltage is small and sym¬ 
metrical, these incremental changes are of about the same 
magnitude as those encountered in an operational amplifier 
employing a bipolar transistor input stage. 


Offset-Voltage Nulling 

The input-offset voltage of the CA3240AE1 and CA3240E1 
can be nulled by connecting a lOkO potentiometer between 
Terminals 3 and 14 or 5 and 8 and returning Its wiper arm to 
Terminal 4, see Figure 23A. This technique, however, gives 
more adjustment range than required and therefore, a con¬ 
siderable portion of the potentiometer rotation is not fully uti¬ 
lized. Typical values of series resistors that may be placed at 
either end of the potentiometer, see Figure 23B, to optimize 
its utilization range are given In the table “Electrical Specifi¬ 
cations for Equipment Design” shown on third page of this 
data sheet. 

An alternate system is shown In Figure 23C. This circuit 
uses only one additional resistor of approximately the value 
shown In the table. For potentiometers, in which the resis¬ 
tance does not drop to zero ohms at either end of rotation, a 
value of resistance 10% lower than the values shown in the 
table should be used. 



(A) BASIC (B) IMPROVED (C) SIMPLER 

RESOLUTION IMPROVED 

RESOLUTION 

•See Electrical Specifications Table on third page of this data sheet for value of R. 


FIGURE 23. THREE OFFSET-VOLTAGE NULLING METHODS, (CA3240AE1, CA3240E1 ONLY.) 














CA3240, CA3240A 



Typical Applications 

On/Off Touch Switch 

The on/off touch switch shown in Figure 24 uses the 
CA3240E to sense small currents flowing between two con¬ 
tact points on a touch plate consisting of a PC board metalli¬ 
zation “grid”. When the “on” plate is touched, current flows 
between the two halves of the grid causing a positive shift In 
the output voltage (Terminal 7) of the CA3240E. These posi¬ 
tive transitions are fed into the CA3059, which is used as a 
latching circuit and zero-crossing triac driver. When a posi¬ 
tive pulse occurs at Terminal 7 of the CA3240E, the triac is 
turned on and held on by the CA3059 and Its associated 
positive feedback circuitry (51 kQ resistor and 36ka/42ka 
voltage divider). When the positive pulse occurs at Terminal 
1 (CA3240E). the triac is turned off and held off in a similar 
manner. Note that power for the CA3240E is supplied by the 
CA3059 Internal power supply. 

The advantage of using the CA3240E in this circuit is that It 
can sense the small currents associated with skin conduc¬ 
tion while allowing sufficiently high circuit impedance to pro¬ 
vide protection against electrical shock. 


Dual Level Detector (Window Comparator) 

Figure 25 illustrates a simple dual liquid level detector using 
the CA3240E as the sensing amplifier. This circuit operates 
on the principle that most liquids contain enough ions in 
solution to sustain a small amount of current flow between 
two electrodes submersed in the liquid. The current, induced 
by an 0.5V potential applied between two halves of a PC 
board grid, is converted to a voltage level by the CA3240E In 
a circuit similar to that of the on/off touch switch shown in 
Figure 24. The changes in voltage for both the upper and 
lower level sensors are processed by the CA3140 to activate 
an LED whenever the liquid level is above the upper sensor 
or below the lower sensor. 
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CA3240, CA3240A 



Vo RANGE S 20mV - 25V OUTPUT HUM AND NOiSE ^ 150^V RMS 
LOAD REGULATION: 0 OWHz BANDWIDTH) 

VOLTAGE < 0.08% SINE REGULATION ^ 0.1 %/Vo 

CURRENT < 0.05% lo RANGE -10mA - 1.3A 


FIGURE 26. CONSTANT-VOLTAGE/CONSTANT-CURRENT POWER SUPPLY 





















CA3240, CA3240A 


Constant-Voltage/Constant-Current Power Supply Precision Differential Amplifier 


The constant-voltage/constant-current power supply shown 
In Figure 26 uses the CA3240E1 as a voltage-error and cur- 
rent-sensing amplifier. The CA3240E1 is ideal for this appli¬ 
cation because its input common-mode voltage range 
includes ground, allowing the supply to adjust from 20mV to 
25V without requiring a negative supply voltage. Also, the 
ground reference capability of the CA3240E1 allows it to 
sense the voltage across the 1D current-sensing resistor in 
the negative output lead of the power supply. The CA3086 
transistor array functions as a reference for both constant- 
voltage and constant-current limiting. The 2N6385 power 
Darlington is used as the pass element and may be required 
to dissipate as much as 40W. Figure 27 shows the transient 
response of the supply during a 100mA to 1A load transition. 


Figure 28 shows the CA3240E in the classical precision dif¬ 
ferential amplifier circuit. The CA3240E is ideally suited for 
biomedical applications because of Its extremely high Input 
impedance. To insure patient safety, an extremely high elec¬ 
trode series resistance Is required to limit any current that 
might result in patient discomfort in the event of a fault condi¬ 
tion. In this case, 10MD resistors have been used to limit the 
current to less than 2|iA without affecting the performance of 
the circuit. Figure 29 shows a typical electrocardiogram 
waveform obtained with this circuit. 



Top Trace: Output Voltage 

(500mV/Div. and Sps/DIv.) 

Bottom Trace: Collector Of Load Switching Transistor 

Load = 100mA to 1A, (5V/Div. and 5ps/Div.) 


FIGURE 27. TRANSIENT RESPONSE 


TWO COND. 
SHIELDED 
CABLE 


FREQUENCY RESPONSE (-3dB) DC TO 1MHz 
SLEW RATE - 1.5V/^8 
COMMON MODE REJ: 86dB 


FIGURE 28. PRECISION DIFFERENTIAL AMPLIFIER 
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CA3240, CA3240A 



Vertical: I.OmV/Div 

(Amplifier Gain = 100X) 
(Scope Sensitivity = 0.1 V/Div.) 

Horizontal: > 02 Sec/Div. (Uncal) 


FIGURE 29. TYPICAL ELECTROCARDIOGRAM WAVEFORM 



FIGURE 30. DIFFERENTIAL LIGHT DETECTOR 


Differential Light Detector 

In the circuit shown in Figure 30, the CA3240E converts the 
current from two photo diodes to voltage, and applies IV of 
reverse bias to the diodes. The voltages from the CA3240E 
outputs are subtracted in the second stage (CA3140) so that 
only the difference is amplified. In this manner, the circuit 


can be used over a wide range of ambient light conditions 
without circuit component adjustment. Also, when used with 
a light source, the circuit will not be sensitive to changes in 
light level as the source ages. 
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Features 

• MOSFET Input Stage provides 

- Very High Z, ^ 1.5Tn (1.5 x 10^*0) Typ. 

- Very Low l| = 5pA Typ. at 15V Operation 

s 2pA Typ. at 5V Operation 

• Ideal for Single Supply Applications 

• Common Mode Input Voltage Range Includes Nega¬ 
tive Supply Rail; Input Terminals Can be Swung 0.5V 
Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(Or Both) Supply Rails 

Applications 

• Ground Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long Duration TImers/Monostables 

• Ideal Interface with Digital CMOS 

• High Input Impedance Wideband Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply D/A 
Converter) 

• Voltage Regulators (Permits Control of Output Voltage 
Down to Zero Volts) 

• Wien Bridge Oscillators 

• Voltage Controlled Oscillators 

• Photo Diode Sensor Amplifiers 


BiMOS Operational Amplifier 
with MOSFET Input/CMOS Output 


Description 

CA3260A and CA3260 are integrated circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. The CA3260 series 
circuits are dual versions of the popular CA3160 series. 

Gate protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input 
impedance, very low input current, and exceptional speed 
performance. The use of PMOS field effect transistors in the 
input stage results in common mode input voltage capability 
down to 0.5V below the negative supply terminal, an 
important attribute in single supply applications. 

A complementary symmetry MOS (CMOS) transistor pair, 
capable of swinging the output voltage to within lOmV of 
either supply voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

The CA3260 Series circuits operate at supply voltages 
ranging from 4V to 16V, or ±2V to ±8V when using split 
supplies. The CA3260A offers superior input characteristics 
over those of the CA3260. 


Ordering Information 


PART 

NUMBER 




CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA3260, CA3260A 


Absolute Maximum Ratings 


Operating Conditions 


DC Supply Voltage 


Operating Temperature Range (All Types) ... 

. ...-55®Cto+125°C 

(Between V+ and V Terminals). 

Differential Mode 

Input Voltage.. 

DC Input Voltage. 

Input Terminal Current. 

Output Short Circuit Duration (Note 1)... 

Junction Temperature. 

Junction Temperature (Plastic Package) . 
Lead Temperature (Soldering 10 Sec.)_ 

.16V 

.8V 

..(V++8V)to(V--0.5V) 

. +175°C 

.+150°C 

. +300°C 

Storage Temperature Range (All Types). 

....-65°Cto+150°C 


CAUTION: Stresses above those fisted in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Typical Values intended Only for Design Guidance 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

CA3260A 

CA3260 

UNITS 

V+ = +7.5V, V- -7.5V, Ta = +25°C. Unless Otherwise Specified 

Input Resistance 

R| 


1.5 

1.5 

TQ 

Input Capacitance 

C, 

f=:1MHz 

CO 

CO 

PF 

Unity Gain Crossover Frequency 

h 


4 

4 

MHz 

Slew Rate 

SR 


10 

10 

V/ps 

Transient Response 

Rise Time 

fR 

Cl = 25pF, Rl = 2kQ 
(Voltage Follower) 

0.09 

0.09 

ps 

Overshoot 

OS 

10 

10 

% 

Settling Time (to <0.1%, V|n = 4Vp.p) 

ts 

Cl = 25pF, RL = 2kQ 
(Voltage Follower) 

1.8 

1.8 

PS 


V+ = 5V, V- = OV, Ta = +25°C, Unless Otherwise Specified 


Input Offset Voltage 

Vio 


2 

6 

mV 

Input Offset Current 

ho 


0.1 

0.1 

pA 

Input Current 

l| 


2 

2 

pA 

Common Mode Rejection Ratio 

CMRR 


70 

60 

dB 

Large Signal Voltage Gain 

Aql 


100 

100 

kV/V 

100 

100 

dB 

Common Mode Input Voltage Range 

V|CR 


0 to 2.5 

0 to 2.5 

V 

Supply Current 

1+ 

Vo = 5V, Rl = «> 

1 

1 

mA 

Vo = 2.5V, Rl*oo 

1.2 

1.2 

mA 

Power Supply Rejection Ratio 

PSRR 

AV,o/AV+ 

200 

200 

pV/V 


NOTE: 

1. Short circuit may be applied to ground or to either supply. 









































































































Specifications CA3260, CA3260A 


Electrical Specifications For Each Amplifier at Ta = +25°C, V+ = 15V, V- * OV, Unless otherwise Specified 


LIMITS 




TEST 

PARAMETERS 

SYMBOL 

CONDITIONS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Common Mode Input Voltage 
Range 


Power Supply Rejection Ratio 


Maximum Output Voltage 



V± 

= ±7.5V 

v± 

= ±7.5V 

v± 

= ±7.5V 

Vo 

= 10Vp.p, 

Rl 

= 10kQ 


PSRR AV,o/AV± 
V± = 17.5V 


VoM+ RL=10kfl 


VoM+ Rl = * 
VoM- 


Maximum Output Current 


Total Supply Current 

Vo (Ampli. A) = 7.5V 
Vo (Ampli. B) = 7.5V 


Vo (Ampli. A) = OV 
Vo (Ampli. B) = OV 


Vo (Ampli. A) = OV 
Vo (Ampli. B) = 7.5V 


Input Offset Voltage Temp. Drift 


Crosstalk 


•oM+ Source 







0.5 20 


50 320 


94 110 


80 95 


0 



0.5 30 


-0.5 to 10 
12 


32 150 



11 13.3 


0.002 0.01 


14.99 15 


0 0.01 


50 320 


94 110 


70 90 


0 -0.5 to 10 

12 


32 320 


11 13.3 


0.002 0.01 


14.99 15 


0 0.01 


12 22 45 I 12 22 45 


12 20 45 I 12 20 45 


9 15.5 


1.2 3 



9 



mV 


pA 


pA 


kV/V 


dB 
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CA3260, CA3260A 
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Dual Variable 
Operational Amplifier 


Features 

• Low Initial Input Offset Voltage: 500|xV Max. 
(CA3280A) 

• Low Offset Voltage Change vs Iabc= <500^V Typical 
for All Types 

• Low Offset Voltage Drift: 5|xV/^C Max. (CA3280A) 

• Excellent Matching of the Two Amplifiers for All Char¬ 
acteristics 

• Internal Current-Driven Linearizing Diodes Reduce the 
External Input Current to an Offset Component 

• Flexible Supply Voltage Range ±2V to ±15V 

Applications 

• Voltage Controlled Amplifiers 

• Voltage Controlled Oscillators 

• Multipliers 

• Demodulators 

• Sample and Hold 

• Instrumentation Amplifiers 

• Function Generators 

• Triangle Wave-to-Sine Wave Converters 

• Comparators 

• Audio Preamplifiers 

Ordering Information 


PART NUMBER 


TEMPERATURE 


-55°C to +125°C 16 Lead Plastic DIP 


Description 

The CA3280 and CA3280A types consist of two variable 
operational amplifiers that are designed to substantially 
reduce the initial Input offset voltage and the offset voltage 
variation with respect to changes in programming current. 
This design results in reduced “AGC thump,” an objection¬ 
able characteristic of many AGC systems. Interdigitation, or 
crosscoupling, of critical portions of the circuit reduces the 
amplifier dependence upon thermal and processing 
variables. 

The CA3280 has all the generic characteristics of an opera¬ 
tional voltage amplifier except that the forward transfer char¬ 
acteristics is best described by transconductance rather than 
voltage gain, and the output is current, not voltage. The 
magnitude of the output current is equal to the product of 
transconductance and the Input voltage. This type of opera¬ 
tional transconductance amplifier was first introduced In 
1969*, and it has since gained wide acceptance as a gate- 
able, gain controlled building block for instrumentation and 
audio applications, such as linearization of transducer out¬ 
puts, standardization of widely changing signals for data pro¬ 
cessing, multiplexing, instrumentation amplifiers operating 
from the nanopower range to high current and high speed 
comparators. 

For additional application information on this device and on 
OTAs in general, please refer to Application Notes: ICAN- 
6818, ICAN-6668, and ICAN-6077. 



0°C to +70°C 


16 Lead Plastic DIP 


-55°C to +125°C 16 Lead Ceramic DIP 


Pinout 


Id.ai 
EMITTER, A1 


CA3280 
(PDIP, CDIP) 
TOP VIEW 




*”OTA Obsoletes Op Amp", by C. F. Wheatl^ and H. A. Wittlinger, NEC Proceedings, December 1969. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA3280, CA3280A 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage (Between V+ and V-). 

... +36V 

Operating Temperature Range 


Differential Input Voltage. 

.5V 

CA3280. 

.0°C to +70°C 

Input Voltage Range. 

.V+toV- 

CA3280A. 

....-55®Cto+125°C 

Input Current at Id = 0. 

.. lOOpA 

Storage Temperature Range (All Types). 

....-65°Cto+150°C 

Amplifier Bias Current (Iabc). 

...10mA 



Output Short Circuit Duration*. 

Indefinite 



Linearizing Diode Bias Current, Iq. 

... .5mA 



Peak Input Current with Linearizing Diode. 

.±Id 



Junction Temperature. 

. +175®C 



Junction Temperature (Plastic Package). 

. +150°C 



Lead Temperature (Soldering 10 Sec.). 

. +300®C 



*Short circuit may be applied to ground or to either supply 




CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not inpiied. 


Electrical Specifications at Ta = +25X, V± > +1SV (Unless otherwise Specified). For Equipment Design 


PARAMETER 


Input Offset Voltage 




Input Offset Voltage 
Drift 


Amplifier Bias Voltage 


Peak Output Voltage 
Positive 


Negative 


Positive 


Negative 


Common Mode Input 
Voltage Range 


Noise Voltage 
10Hz 


1kHz 


10kHz 


Input Offset Current 


Input Bias Current 


Peak Output Current 
Source 


Sink 



TEST CONDITION 


abc= Inf'A 


I ABC - 100^lA 


•abc = 


I ABC = InfiA to 10^lA, 

Ta = Full Temp. Range 


ABC* "IpAto 1mA 


I ABC * ^ 00|iA, 

Ta = Full Temp. Range 






Iabc = SOOpA 


•abc * SOOpA 


Iabc * SOOpA, 

Ta = Full Temp. Range 


Iabc * 500pA 
























































































































































Specifications CA3280, CA3280A 


Electrical Specifications atlA = +25°C, V± = +15V (Unless otherwise Specified). For Equipment Design (Continued) 


PARAMETER 


Sink and Source 


Linearization Diodes 
Dynamic Impedance 


Capacitance 






Diode Network Supply 
Current 


Amplifier Supply Cur¬ 
rent (Per Amplifier) 


Amplifier Output Leak¬ 
age Current 


Common Mode Rejec- CMRR 
tion Ratio 


Power Supply Rejec¬ 
tion Ratio 


Open Loop Voltage 
Gain 


Forward Transconduc¬ 
tance, 

Large Signal 


Small Signal 


Input Resistance 


Channel Separation 


Open Loop Total Har¬ 
monic Distortion 


Slew Rate, Open Loop 


lD = 100pA 


Id=:10pA 


•abc = “lOOpA 


•abc = SOOpA 


abc = 0 ,Vo = 0 V 


ABC = 0. Vo = 30V 


I ABC = 100pA 



Output Resistance 



Ubc “ 100pA 


Ubc “ ^ OOpA, Rl = 
Vo = 20Vp.p 


*ABC = 50pA 



f=:1kHz, lABc = 1-5mA. 
RL=15kO,Vo = 20Vp.p 


ABC “ ^ mA, Rl = 10OO 


ABC = 


Ubc = 100pA 


Ubc =100pA 
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CA3280, CA3280A 



120-128 - 
(3.048-3-251) 


Dimensions in parentheses are in miliimeters and derived from 
the basic inch dimensions as indicated. Grid graduations are in 
mils (10’® Inch). 

The photographs and dimensions represent a chip when it is 
part of the wafer. When the wafer is cut into chips, the cleavage 
angles are 57® instead of 90° with respect to the face of the 
chip. Therefore, the isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 





































CA3280, CA3280A 


Description 

Figures 1 and 2 show the equivalent circuits for the current 
source and linearization diodes in the CA3280. The current 
through the linearization network is approximately equal to 
the programming current. There are several advantages to 
driving these diodes with a current source. First, only the off¬ 
set current from the biasing network flows through the input 
resistor. Second, another Input is provided to extend the gain 
control dynamic range. And third, the Input is truly differential 
and can accept signals within the common mode range of 
the CA3280. 

The structure of the variable operational amplifier eliminates 
the need for matched resistor networks In differential to sin¬ 
gle ended converters, as shown in Figure 3. A matched 
resistor network requires ratio matching of 0.01% or trim¬ 
ming for 80dB of common-mode rejection. The CA3280, with 
its excellent common mode rejection ratio, is capable of con¬ 
verting a small (±25mV) differential input signal to a single- 
ended output without the need for a matched resistor net¬ 
work. 

Figure 4 shows the CA3280 in a typical gain control applica¬ 
tion. Gain control can be performed with the amplifier bias 


= SMAi I sirsNAi ninnp 



current (Ubc)- With no diode bias current, the gain is merely 
gmR^. For example, with an I^bq of 1 mA, the gm is approxi¬ 
mately 16mmho. With the CA3280 operating Into a Skfli 
resistor, the gain is 80. 

The need for external buffers can be eliminated by the use of 
low value load resistors, but the resulting Increase In the 
required amplifier bias current reduces the Input Impedance 
of the CA3280. The linearization diode Impedance also 
decreases as the diode bias current increases, which further 
loads the input. The diodes, in addition to acting as a linear¬ 
ization network, also operate as an additional attenuation 
system to accommodate Input signals In the volt range when 
they are applied through appropriate input resistors. 

Figure 7 shows a triangle wave-to-sine wave converter using 
the CA3280. Two lOOkii resistors are connected between 
the differential amplifier emitters and V+ to reduce the cur¬ 
rent flow through the differential amplifier. This allows the 
amplifier to fully cut off during peak input signal excursions. 
THD is appropriately 0.37% for this circuit. 



FIGURE 1. VGA SHOWING LINEARIZATION DIODES AND 
CURRENT DRIVE 


6 h 
■d Iabc 

FIGURE 2. BLOCK DIAGRAM OF LINEARIZED VOA 


—110Vp.p 




FIGURE 3. DIFFERENTIAL TO SINGLE ENDED CONVERTER 


VOLTAGE 

CONTROL 


FIGURE 4. TYPICAL GAIN CONTROL CIRCUIT 
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CA3280, CA3280A 
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CA3280, CA3280A 
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PEAK OUTPUT VOLTAGE (V) O INPUT OFFSET CURRENT (nA) SMALL SIGNAL FORWARD TRANSCONDUCTANCE (mmho) (g* 


CA3280, CA3280A 



2-199 


OPERATIONAL 

AMPLIFIERS 




























CA3280, CA3280A 



2-200 





















SUPPLY CURRENT OiA) 


CA3280, CA3280A 



AMPUHER BIAS CURRENT (^A) 

FIGURE 23. SUPPLY CURRENT vs AMPLIFIER BIAS CURRENT 
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Low Supply Voltage, Low Input Current 
BiMOS Operational Amplifiers 


Features 

• 2V Supply at 300^A Supply Current 

• 1 pA (Typ.) Input Current (Essentially Constant to 85^C) 

• Rail-to-Rail Output Swing (Drive ±2mA Into IkO Load) 

• Pin Compatible with 741 Operational Amplifiers 

Applications 

• pH Probe Amplifiers 

• Picoammeters 

• Electrometer (High Z) Instruments 

• Portable Equipment 

• Inaccessible Field Equipment 

• Battery-Dependent Equipment (Medical and Military) 

Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE _ PACKAGE 

-55^C to +125°C 8 Lead Plastic DIP 

-55°Cto-t-125°C 8 Pin Can _ 

-55°C to +125°C 8 Lead Plastic DIP 

-55°Cto+125°C 8 Pin Can 


Description 

The CA3420A and CA3420 are integrated circuit operational 
amplifiers that combine PMOS transistors and bipolar tran¬ 
sistors on a single monolithic chip. The CA3420A and 
CA3420 BiMOS operational amplifiers feature gate pro¬ 
tected PMOS transistors in the input circuit to provide very 
high input impedance, very low input currents (less than 
IpA). The internal bootstrapping network features a unique 
guardbanding technique for reducing the doubling of leakage 
current for every 10°C increase in temperature. The CA3420 
series operates at total supply voltages from 2V to 20V 
either single or dual supply. These operational amplifiers are 
internally phase compensated to achieve stable operation in 
the unity gain follower configuration. Additionally, they have 
access terminals for a supplementary external capacitor if 
additional frequency roll-off is desired. Terminals are also 
provided for use in applications requiring input offset voltage 
nulling. The use of PMOS in the input stage results in com¬ 
mon mode input voltage capability down to 0.45V below the 
negative supply terminal, an important attribute for single 
supply application. The output stage uses a feedback OTA 
type amplifier that can swing essentially from rail-to-rail. The 
output driving current of 1.5mA (min) is provided by using 
nonlinear current mirrors. 


Pinouts 


OFFSET NULL 


NON-INV. rj 
INPUT ^ 


CA3420 
(PDIP) 
TOP VIEW 



iJ OUTPUT 


5| OFFSET NULL 


CA3420 
(TO-5 CAN) 
TOP VIEW 


OFFSET NULL 


NON-INV. (3 
INPUT 



OFFSET NULL 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Absolute Maximum Ratings 


Specifications CA3420, CA3420A 


Operating Conditions 


Supply Voltage Operating Temperature Range (All Types).“55°C to +125°C 

(Between V+ and V- Terminals).22V Storage Temperature Range (All Types).-65°C to +150°C 

Differential Input Voltage.15V 

DC Input Voltage.(V+ + 8V) to (V- -0.5V) 

Input Current.1mA 

Output Short Circuit Duration (Note 1).Indefinite 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Typical values intended Only for Design Guidance. V+ =: +10V; V- = -10V T^ = +25®C 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

CA3420A 


Input Resistance 


Input Capacitance 


Output Resistance 


Equivalent Input Noise Voltage 


Short-Circuit Current 
Source 


To Opposite Supply 
Sink 


Gain Bandwidth Product 


Slew Rate 


Transient Response 
Rise Time 


Overshoot 


Current from Terminal 8 
ToV- 


Current from Terminal 8 
To V+ 


NOTE: 

1. Short circuit may be applied to ground or to either supply. 
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Specifications CA3420, CA3420A 


Electrical Specifications For Equipment Design. At V+ s IV, V- = “1V, Ta = +25°C, Uniess Otherwise Specified 


LIMITS 




TEST 

PARAMETERS 

SYMBOL 

CONDITIONS 


Input Offset Voltage 


Input Offset Current (Note 1) 


Input Current (Note 1) 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Common Mode input Voltage 
Range 


Power Supply Rejection Ratio 


Max Output Voltage 


Supply Current 


Device Dissipation 

Pd 

input Offset Voltage Temp. Drift 

AV|o/AT 



1. The maximum limit represents the levels obtainable on high speed automatic test equipment. Typical values are obtained under laboratory 
conditions. 


Electrical Specifications For Equipment Design. At V+ = 10V, V- = -10V, Ta = +25°C, Unless Otherwise Specified 


LIMITS 


PARAMETERS 

SYMBOL 

Input Offset Voltage 

IV,ol 

Input Offset Current (Note 1) 

■m 

Input Current (Note 1) 

■DH 

Large Signal Voltage Gain 

Aql 

Common Mode Rejection Ratio 

CMRR 

Common Mode Input Voltage 

+ 

cc 

Range 

— 

Power Supply Rejection Ratio 

PSRR 

Max Output Voltage 



VOM- 

Supply Current 

1+ 

Device Dissipation 

Pd 

Input Offset Voltage Temp. Drift 

AVk)/AT 


TEST 

CONDITIONS 



CA3420A 


TYP 


2 


0.03 


0.05 


100 


100 


100 


80 


+9.3 


-10.3 


32 


90 


+9.9 


-9.85 


450 


9 



CA3420 


TYP 


5 


0.03 


0.05 


100 


100 


100 


80 


+9.3 


-10.3 


32 


90 


+9.9 


-9.85 


450 

1000 

9 

14 



1. The maximum limit represents the levels obtainable on high speed automatic test equipment. Typical values are obtained under laboratory 
conditions. 




























































































































































































































CA3420, CA3420A 


Typical Performance Curves 

111 

So 1.0^- 


1.0 - 

0.8 |RL.Bl00kn 


ui> 0 

bo -0.2 


•sE -0.8 
- 1.0 


5 10 

SUPPLY VOLTAGE (V) 


FIGURE 1. OUTPUT VOLTAGE SWING AND COMMON MODE 
INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 



0.01 0.1 1 10 
LOAD (SINKING) CURRENT (mA) 

FIGURE 3. OUTPUT VOLTAGE vs LOAD SINKING CURRENT 


Ta« 

v-« 

+25®C 

OV 









A 


✓V+ s +2V 
^V+b+5V 
^V+*+10V ' 
^V+«+20V ■ 



0.01 0.1 1 10 
LOAD (SOURCING) CURRENT (mA) 

FIGURE 2. OUTPUT VOLTAGE vs LOAD SOURCING CURRENT 


iiiiiiiiiiii 
{[■■ijiiiiiil 

iiiiilliiillliiiiiiiiiiii 

■I ■■■■■■■ ■■■■■■■■■■■.■ 

iiiiiiiiiiiiiiiiiiiiiiiii 

■■■HlllillllHHimilli 


103 10^ 

FREQUENCY (Hz) 

FIGURE 4. INPUT NOISE VOLTAGE vs FREQUENCY 


CM 


Ta « +25°C 
V+«+5V,V---5V 
-RL = 10kQ 
Cl * OpF 


1 10 ^ 10 * 10 ® 10 ^ 10 ® 10 ® 
FREQUENCY (Hz) 

FIGURE 5. OPEN LOOP GAIN AND PHASE SHIFT RESPONSE 
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CA3420, CA3420A 


Application Circuits 

Picoameter Circuit 

The exceptionally low Input current (typically 0.2pA) makes 
the CA3420 highly suited for use in a picoameter circuit. With 
only a single 10G£2 resistor, this circuit covers the range from 
±1.5pA. Higher current ranges are possible with suitable 
switching techniques and current scaling resistors, input tran¬ 
sient protection is provided by the 1 MCI resistor in series with 
the input. Higher current ranges require that this resistor be 
reduced. The 10MQ resistor connected to pin 2 of the 
CA3420 decouples the potentially high input capacitance 
often associated with lower current circuits and reduces the 
tendency for the circuit to oscillate under these conditions. 


High Input Resistance Voitmeter 

Advantage is taken of the high Input impedance of the CA3420 
in a high Input resistance DC. voltmeter. Only two 1.5V “AA” 
type penlite batteries power this exceedingly high-input resis¬ 
tance (>1,0CX),000MD) DC voltmeter. Full-scale deflection is 
±500mV, ±150mV, and ±15mV. Higher voltage ranges are eas¬ 
ily added with external Input voltage attenuator networks. 

The meter is placed in series with the gain network, thus 
eliminating the meter temperature coefficient error term. 

Supply current in the standby position with the meter 
undeflected is 300^iA. At full-scale deflection this current 
rises to 800pA. Carbon-zinc battery life should be in excess 
of 1,000 hours. 



500-0-500 



FIGURE 6. PICOAMETER CIRCUIT 


ICA3420>-(6) 


500-0-500 


fH 

BATTERY 

RETURNS 


»—0 

-1.5V 


r Ik 

^430m% 


FIGURE 7. HIGH INPUT RESISTANCE VOLTMETER 
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Nanopower BiMOS Operational Amplifier 


Features 

• High Input Resistance.2Ta (Typ) 

• Standby Power at V-i- = 5V. 300nW (Typ) 

• Supply Current, BW, Slew Rate Programmable Using 
External Resistor 

• Input Current.10pA(Typ) 

• 5V to 15V Supply 

• Output Drives Typical Bipolar Type Loads 

• Low Cost 8 Pin Mini-DIP, TO-5 Can, SOIC 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

CA3440AE 

-55°C to +125°C 

8 Lead Plastic DIP 

CA3440AM 

-55°C to +125°C 

8 Lead SOIC 

CA3440AT 

-55®C to +125°C 

8 Pin Can 

CA3440E 

-55°C to +125°C 

8 Lead Plastic DIP 

CA3440M 

-55°CtO+125®C 

8 Lead SOIC 

CA3440T 

-55°C to +125°C 

8 Pin Can 


Description 

The CA3440A and CA3440* are integrated circuit opera¬ 
tional amplifiers that combine the advantages of MOS and 
bipolar transistors on a single monolithic chip. 

The CA3440A and CA3440 BiMOS op amps feature gate 
protected PMOS transistors in the input circuit to provide 
very high input impedance, very low input currents (less than 
10pA). These devices operate at total supply voltage from 
5V to 15V and can be operated over the temperature range 
from -55°C to +125°C. Their virtues are programmability and 
very low standby power consumption (300nW). These oper¬ 
ational amplifiers are internally phase compensated to 
achieve stable operation in the unity gain follower configura¬ 
tion. Terminals are also provided for use in applications 
requiring input offset voltage nulling. The use of PMOS in the 
input stage results in common mode input voltage capability 
down to 0.5V below the negative supply terminals, an impor¬ 
tant attribute for single supply applications. The output stage 
uses MOS complementary source follower form which per¬ 
mits moderate load driving capability (lOkO) at very low 
standby currents (50nA). 

The CA3440A and CA3440 have the same 8 pin terminal 
pinout as the “741” and other industry standard op amps 
with two exceptions: terminals one and five must be con¬ 
nected to the negative supply or to a potentiometer If nulling 
is required. Terminal 8 must be programmed through an 
external resistor returned to the negative supply. 

* Formerly Dev. Type No. TA10590. 


Pinouts 


CA3440 
(PDIP, SOIC) 
TOP VIEW 


CA3440 
(TO-5 CAN) 
TOP VIEW 


V-yOFFSET NULL M 


INV. INPUT 


NON-INV. INPUT 



U OUTPUT 


5 V-/OFFSET NULL 


VVOFFSET NULL 6 


INV. INPUT 


NON-INV. INPUT (3 



V-/OFFSET NULL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA3440, CA3440A 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage Operating Temperature Range.-55°C to +125°C 

(Between V+ and V- Terminals).25V Storage Temperature Range.-65°C to +150°C 

Differential Input Voltage.9V 

DC Input Voltage.(V+ +8V) to (V- -0.5V) 

Input Current.1mA 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package)..+150®C 

Output Short Circuit Duration (Note 1).Indefinite 

Lead Temperature (Soldering 10 Sec).+300®C 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Typical values intended Only for Design Guidance. V+ = +5V, V- = -5V; Rset = T^ = +25°C 


PARAMETERS 


Input Resistance 


input Capacitance 


Output Resistance 


Equivalent Input 
Noise Voltage 


Short-Circuit Current 
Source 


To Opposite Supply 
Sink 


Gain Bandwidth Product 


Slew Rate 


SYMBOL 


Ri 


c 


Ro 


©N 


TEST CONDITIONS 



Transient Response 


RL=10kQ, Cl=100pF 




Rise Time 



5.6 

5.6 

ps 

Overshoot 

OS 


10 

10 

% 


NOTE: 

1. Short circuit may be applied to ground or to either supply. 
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CA3440, CA3440A 


Typical Performance Curves (Continued) 
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1 10 ^ 10 * 10 ® 10 ^ 
SET CURRENT (nA) 

FIGURE 7. BANDWIDTH vs SET CURRENT 
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1 10 ^ 10 ® 10 ® 10 ^ 
SET CURRENT (nA) 

FIGURE 8. SLEW RATE vs SET CURRENT 


FET/ ^ 

BIPOLAR 

OUTPUT> 


•set i f*SET 


STAGE 1 

STAGE 2 

( HIGH GAIN^ 

f BUFFER A 

V lOOdB J 

1 LOWZ 1 


VOUTPUTy 



FIGURE 9. NANOPOWER OP AMP (SUPPLY CURRENT PRO- FIGURE 10. NANOPOWER OP AMP (USABLE STANDBY POW- 

GRAMMABLE USING Rset)* IpA TYPICAL INPUT ER vs PROGRAMMING RESISTOR Rset) 

BIAS CURRENT, 4.0V TO 15V SUPPLY 


As Rset ‘s increased, Iset ^ind the standby power decrease The CA3440 is pin compatible with the 741 except that pins 


while the BW/SR also decreases. 

Operating at a +5V single supply, the CA3440 exhibits the 
following characteristics: 


Rset 

STANDBY 

POWER 

BW 

SR 

iMn 

250)iW 

164kHz 

0.17V/HS 

10MO 

25)iW 

27kHz 

0.017V/HS 

100MO 

2.5nW 

2.6kHz 

0.0017V/)is 

1GQ 

250nW 

78kHz 

0.00017V/HS 


1 and 5 (typical negative nulling pins) must be connected 
either directly to pin 4 or to a negative nulling potentiometer. 
In addition, pin 8, the Iset terminal, must be returned to 
either ground or -V via Rset 
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CA3440, CA3440A 



FIGURE 11. HIGH INPUT IMPEDANCE AMPLIFIER 


FIGURE 12. MICROPOWER BANDGAP REFERENCE 






SEMICONDUCTOR 


CA3450 


March 1993 


Video Line Driver, 
High Speed Operational Amplifier 


Features 

• High Open Loop Gain at Video Frequencies 

- Aol .>40dBatf = 5MHz 

• Potver Bandwidth of 10MHz; Aol = 5; Vq b ±3.5V 

• Slew Rate at Fuil Load. 330V/|asec (Ay ^10) 

• fr = 220MHz; Co = OpF With a Load of 500 il20pFil 1 MO 
(Scope Input) 

• Vout = ±4.1V Into 750 

• Offset Null Terminals 

Applications 

• Video Line Driver 

• High Frequency Unity Gain Buffer 

• Puise Ampiifier 

• High Speed Comparator 

• High Frequency Osciliator and Video Amplifiers 

• Driver for A/D’s in Video Applications.10MHz BW 


Description 

The CA3450* is a large signal video line driver and high 
speed operational amplifier capable of driving 500 transmis- 
Sion lines and flash A/D’s. The uncompensated unity gain 
crossing occurs at 230MHz without load, it can operate at 
dual or single supplies of ±7.25V or 14.5V, respectively. The 
CA3450 can be compensated with a single capacitor net¬ 
work. It has output drive capability of 75mA SINK or 
SOURCE. The CA3450 is capable of driving Flash A/D’s in 
video or high speed instrumentation (accurate) applications 
with bandwidth up to 10MHz. Offset voltage nulling terminals 
are also available. 


Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE 

-40°C to +85°C 


16 Lead Plastic DIP 


* Formerly Development Type No. TA11371 A. 



Pinout 


Block Diagram 


CA3450 
(PDIP) 
TOP VIEW 


OFFSET NULL 



m OFFSET NULL 



INPUT CURRENT 
COMPENSATED 
DIFFERENTIAL 
AMPURER 


DC LEVEL 

SHIFT 

STAGE 


OUTPUT POWER 
DRIVER AND 
OUTPUT POWER 
STAGE 


C4H5) (12) (13) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA3450 


...-40OCto+85°C 

..-65®Cto+150°C 

®JA ®JC 

60 12 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (Between V+ and V- Terminals).14.5V Operating Temperature Range.-40°C to +85°C 

Differential Input Voltage.5V Storage Temperature Range.-65®C to +150°C 

Power Dissipation Thermal Package Characteristics (°C/W) Ojc 

Up to +55°C.1.5W Plastic DIP Package. 60 12 

Above+55°C.Derate Linearly 16.6mW/°C 

Output Current.lOOmA 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in ‘Absoiute Maximum Ratings" may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At Ta = + 25 ®c. Cc = 5pF, v+, v- = 6V (Note i) 


PARAMETERS 



Bandwidth (Unity Gain Cross¬ 
ing) 

Av = Open Loop 
Cc = 0 (See Figure 7) 


Bandwidth (Unity Gain Cross¬ 
ing) 

Ay = 10| Cc =* OpF 
^Feedback = ^SOQ 

Rpin 3 - Q = 500 (See Figure 8) 


Transient Response, Overshoot 
(See Figure 14) 


Settling Time (See Figure 9) 


Slew Rate (See Figures 8,15) 
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CA3450 


Metallization Mask Layout 


0 10 20 30 40 50 60 70 80 90 100 106 



Dimensions in parenthesis are in millimeters and are derived 
from the basic inch dimensions as indicated. Grid graduations 
are in mils (10"® Inch). 

The photographs and dimensions of each CMOS chip represent 
a chip when It is part of the wafer. When the wafer is cut Into 
chips, the angle of cleavage may vary with respect to the chip 
face for different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of -3mils to +6mils 
applicable to the nominal dimensions shown. 
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OUTPUT RESISTANCE (Cl) 


CA3450 



: 4.7^F (TANT.) 


SCOPE INPUT 


^ 4.7^F (TANT.) 


All 0.1 jiF and 0.001 nF supply decoupling capacitors 
are muitilayer ceramic chip types. 


MULTILAYER 0.1 jiF 
CERAMIC CHIP 


JL 1. 


820pF SILVER MICA 
OR EQUiV. 


* A 10Q, V 4 W supply decoupling resistor is shown In all application 
circuits of this device. The resistor serves two purposes. First it 
provides a means of decoupling the 1C directly at its terminal without 
introducing additional supply resonance due to parallel connected 
capacitors. Second, it also provides protection for the device in event 
of a sustained short circuit applied directly to the output terminals. 


FIGURE 7. OPEN LOOP GAIN vs FREQUENCY TEST CIRCUIT 
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CA3450 



FIGURE 8. UNITY GAIN AND XI0 NON-INVERTING AMPLIFIER/AND SLEW RATE TEST CIRCUIT 



FIGURE 9. CIRCUIT USED TO MEASURE SETTLING TIME 


FIGURE 11. NULLING CIRCUIT FOR THE CA3450 





CA3450 


MODULATED - - - - - 

STAIRCASE ^ X I 0.1 ufX X%7uF 

INPUT SIGNAL 4-1 JL T- 

^ "" .u, 


SHIELDED CABLE 





0.lHF=j= 


FIGURE 12. CONFIGURATION USED TO MEASURE DIFFERENTIAL GAIN AND PHASE 



75ft 1Vp.p ^ 
VIDEO INPUT ' 










jiy 

. ^ 199 


X CA3450 ^ 

>-® - -.-.» ■ AW" 

tviJ 


1 

1 


_^ < 3900 

•-Qij 


m0.001|AF 1 



FLASH A/D 
INPUT 


10O< <7500 


aifiF ■===■ 

^ OV TO-10V OFFSET 
SOURCE, Rs <100 


FIGURE 13. TYPICAL HIGH BANDWIDTH X5 AMPLIFIER FOR DRIVING THE CA3318 FLASH A/D 
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SEMICONDUCTOR 


CA5130 


March 1993 


Features 


BiMOS Microprocessor Operational Amplifier 
with MOSFET input/CMOS Output 


• MOSFET Input Stage 

- Very High Z,. 1.5Tn (1.5 x 10^2n)1Vp. 

- Very Low l|.5pA Typ. at 15V Operation 

2pA Typ. at 5V Operation 

• Ideal for Single Supply Applications 

• Common Mode Input Voltage Range Includes Nega¬ 
tive Supply Rail; Input Terminals Can Be Swung 0.5V 
Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 

• CA5130A, CA5130 Have Full Military Temperature 
Range Guaranteed Specifications for V+ = 5V 

• CA5130A, CA5130 Are Guaranteed to Operate Down 
to V+ = 4.5V for Aol 

• CA5130A, CA5130 Are Guaranteed to Operate at ±7.5V 
CA3130A, CA3130 Specifications 

Applications 

• Ground Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long Duration Timers/Monostables 

• High Input Impedance Comparators (Ideal Interface 
with Digital CMOS) 

• High Input Impedance Wideband Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply D/A 
Converter) 

• Voltage Regulators (Permits Control of Output Voltage 
Down to Zero Volts) 

• Peak Detectors 

• Single Supply Full Wave Precision Rectifiers 

• Photo Diode Sensor Amplifiers 

• 5V Logic Systems 

• Microprocessor Interface 


Description 

CA5130A and CA5130 are integrated circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. They are designed 
and guaranteed to operate in microprocessors or logic sys¬ 
tems that use -fSV supplies. 

Gate protected p-channel MOSFET (PMOS) transistors are 
used in the Input circuit to provide very high input imped¬ 
ance, very low input current, and exceptional speed perfor¬ 
mance. The use of PMOS field effect transistors in the Input 
stage results In common mode input voltage capability down 
to 0.5V below the negative supply terminal, an important 
attribute in single supply applications. 

A complementary symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within lOmV of 
either supply voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

The CA5130 Series circuits operate at supply voltages rang¬ 
ing from 4V to 16V, or ±2V to ±8V when using split supplies. 
They can be phase compensated with a single external 
capacitor, and have terminals for adjustment of offset voltage 
for applications requiring offset null capability. Terminal pro¬ 
visions are also made to permit strobing of the output stage. 

The CA5130A, CAS 130 have guaranteed specifications for 
5V operation over the full military temperature range of 
-55°C to +125‘^C. 

Ordering Information 


PART# 

TEMP. RANGE 

PACKAGE 

CA5130AE 

-55°C to +125°C 

8 Lead Plastic DIP 

CA5130AM 

-55°C to +125°C 

8 Lead SOIC 

CA5130AT 

-55°Cto+125°C 

8 Pin Can 

GA5130E 

-55°C to +125°C 

8 Lead Plastic DIP 

CA5130M 

-55°C to +125°C 

8 Lead SOIC 

CA5130T 

-55°C to +125°C 

8 Pin Can 



Pinouts 


CA5130 (PDIP, SOiC) 
TOP VIEW 


OFFSET NULL 


NON-INV. INPUT 



OUTPUT 
OFFSET NULL 


CA5130 (TO-5 CAN) 
TOP VIEW 


PHASE 

COMPENSATION < 


OFFSET NULL (1J 


NON-INV. INPUT CiJ 


-STROBE 
r?) V+ 


' OFFSET NULL 


V- AND CASE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA5130, CA5130A 


Absolute Maximum Ratings 


Operating Conditions 


DC Supply Voltage (Between And V Terminals).16V Operating Temperature Range (All Types).-55°C to +125°C 

Differential Input Voltage.8V Storage Temperature Range (All Types).-65®C to +150®C 

DC Input Voltage.(V+ +8 V) to (\A -0.5V) 

Input Terminal Current.1mA 

Output Short-Circuit Duration*.Indefinite 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

* Short circuit may be applied to ground or to either supply. 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operationai sections of this ^ecification is not implied. 


Electrical Specifications Ta = +25°C, V+ = SV, V- = OV (Unless otherwise Specified) 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


input Current 


Common Mode Rejection Ratio 



TEST 

SYMBOL 

CONDmONS 


Input Common Mode Voltage 
Range 


Power Supply Rejection Ratio 


Large Signal Voltage Gain 
(Note 1) 


Source Current 


Sink Current 


Output Voltage 
VoM+ 



Supply Current 



1. For V+ = 4.5V and V- = Gnd; Vqut = 0-5V to 3.2V at Rl = 10ka 
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Specifications CA5130, CA5130A 


Electrical Specifications = +25°C, V+ = 15V, V- = OV (Unless otherwise Specified) (Continued) 


PARAMETERS 


Large Signal Voltage Gain 



Input Offset Voltage 
Temperature Drift 


Electrical Specifications Typical values intended Only for Design Guidance. Ta = +25°C, V+ = +7.5V, V- = -7.5V 
(Unless Otherwise Specified) 


PARAMETERS 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

CA5130A 

CA5130 

TYP 

TYP 

Input Offset Voltage Adjustment Range 


lOkO Across Terminals 4 and 5 or 4 and 1 

±22 

±22 

mV 

input Resistance 

Ri 


1.5 

1.5 

TO 

Input Capacitance 

Cl 

f=1MHz 

4.3 

4.3 

PF 

Equivalent Input Noise Voltage 

6 n 

BW = 0.2MHz, Rs = IMQ (Note 1) 

23 

23 

PV 

Unity Gain Crossover Frequency 

■ 

O 

o 

II 

o 

15 

15 

MHz 

Cc = 47pF 

4 

4 

MHz 

Slew Rate 

Open Loop 

SR 

o 

II 

o 

O 

30 

30 

V/ps 

Closed Loop 

Cc = 56pF 

10 

10 

V/ps 

Transient Response 

Rise Time 


Cc = 56pF, Cl = 25pF, Rl 2kO 
(Voltage Follower) 

0.09 

0.09 

ps 

Overshoot 

OS 

10 

10 

% 

Settling Time (To <0.1%, V|n = 4Vp.p) 

ts 

Cc = 56pF. Cl = 25pF, Rl = 2lcO 
(Voltage Follower) 

1.2 

1.2 

ps 


NOTE: 


1. Although a 1MO source is used for this test, the equivalent input noise remains constant for values of Rs up to 10MO. 






















































































































































CA5130, CA5130A 



2-225 


OPERATIONAL 

AMPLIFIERS 



























CA5130, CA5130A 


Circuit Description 

The input terminals shown in the block diagram of the 
CA5130 Series CMOS Operational Amplifiers may be oper¬ 
ated down to 0.5V below the negative supply rail, and the 
output can be swung very close to either supply rail in many 
applications. Consequently, the CA5130 Series circuits are 
ideal for single supply operation. Three Class A amplifier 
stages, having the individual gain capability and current con¬ 
sumption shown in the Block Diagram, provide the total gain 
of the CA5130. A biasing circuit provides two potentials for 
common use in the first and second stages. Term. 8 can be 
used both for phase compensation and to strobe the output 
stage Into quiescence. When Term. 8 Is tied to the negative 
supply rail (Term. 4) by mechanical or electrical means, the 
output potential at Term. 6 essentially rises to the positive 
supply rail potential at Term. 7. This condition of essentially 
zero current drain In the output stage under the strobed 
“OFP condition can only be achieved when the ohmic load 
resistance presented to the amplifier is very high (e.g., when 
the amplifier output is used to drive CMOS digital circuits In 
comparator applications). 

Input Stages 

The circuit of the CAS 130 is shown in the Schematic 
Diagram. It consists of a differential input stage using PMOS 
field-effect transistors (Q6, Q7) working into a mirror pair of 
bipolar transistors (Q9, Q10) functioning as load resistors 
together with resistors R3 through R6. The mirror pair 
transistors also function as a differential-to-single-ended 
converter to provide base drive to the second stage bipolar 
transistor (Q11). Offset nulling, when desired, can be 
effected by connecting a 100,000i2 potentiometer across 
Terms. 1 and 5 and the potentiometer slider arm to Term. 4. 
Cascode connected PMOS transistors 02, 04 are the 
constant current source for the input stage. The biasing 
circuit for the constant current source Is subsequently 
described. The small diodes D5 through D8 provide gate 
oxide protection against high voltage transients, e.g., 
including static electricity during handling for 06 and 07. 

Second Stage 

Most of the voltage gain in the CAS 130 Is provided by the 
second amplifier stage, consisting of bipolar transistor 011 
and its cascode connected load resistance provided by 
PMOS transistors 03 and 05. The source of bias potentials 
for these PMOS transistors is subsequently described. 
Miller-Effect compensation (roll-off) is accomplished by sim¬ 


ply connecting a small capacitor between Terms. 1 and 8. A 
47pF capacitor provides sufficient compensation for stable 
unity gain operation In most applications. 

Bias Source Circuit 

At total supply voltages, somewhat above 8.3V, resistor R2 
and zener diode Z1 serve to establish a voltage of 8.3V 
across the series connected circuit, consisting of resistor R1, 
diodes D1 through D4, and PMOS transistor Q1. A tap at the 
junction of resistor R1 and diode D4 provides a gate bias 
potential of about 4.5V for PMOS transistors 04 and 05 with 
respect to Term. 7. A potential of about 2.2V is developed 
across diode connected PMOS transistor 01 with respect to 
Term. 7 to provide gate bias for PMOS transistors 02 and 
03. It should be noted that 01 is “mirror connected” to both 
02 and 03. Since transistors 01,02, 03 are designed to be 
identical, the approximately 200pA current in 01 establishes 
a similar current in 02 and 03 as constant current sources 
for both the first and second amplifier stages, respectively. 

At total supply voltages somewhat less than 8.3V, zener 
diode Z1 becomes nonconductive and the potential, 
developed across series connected R1, D1-D4, and 01, 
varies directly with variations in supply voltage. 
Consequently, the gate bias for 04, 05 and 02,03 varies in 
accordance with supply voltage variations. This variation 
results in deterioration of the power supply rejection ratio 
(PSRR) at total supply voltages below 8.3V. Operation at 
total supply voltages below about 4.5V results in seriously 
degraded performance. 

Output Stage 

The output stage consists of a drain loaded inverting 
amplifier using CMOS transistors operating in the Class A 
mode. When operating into very high resistance load, the 
output can be swung within mV of either supply rail. Because 
the output stage is a drain loaded amplifier, its gain is 
dependent upon the load impedance. The transfer 
characteristics of the output stage for a load returned to the 
negative supply rail are shown In Figure 3. Typical op amp 
loads are readily driven by the output stage. Because large 
signal excursions are nonlinear, requiring feedback for good 
waveform reproduction, transient delays may be 
encountered. As a voltage follower, the amplifier can achieve 
0.01 percent accuracy levels. Including the negative supply 
rail. 





CA5130, CA5130A 


Typical Performance Curves 
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10^ 1o2 10^ 10^ 10® 10® 10^ 10® 

FREQUENCY (Hz) 

1: C|_ s 9pF, Cq 8 OpF, Ri, s oo 3: C|_ 8 30pF, Cq a 47pF, R[_ 8 2kQ 

2: Cl s 30pF, Cq »15pF, Rl > 2kQ 4: Cl » 30pF, Cq »ISOpF, Rl b 2kQ 

FIGURE 1. OPEN LOOP VOLTAGE GAIN AND PHASE SHIFT vs 
FREQUENCY 


SUPPLY VOLTAGE: V-t- a 15V, V- a OV 
Ta = +25®C 



TEMPERATURE (®C) 


FIGURE 2. OPEN LOOP GAIN vs TEMPERATURE 


LOAD RESISTANCE a 
TAa+25®C, V-aOV 


OUTPUT VOLTAGE 
BALANCED 8 V4/2 
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CA5130, CA5130A 


Typical Performance Curves (Continued) 



DIFFERENTIAL DC VOLTAGE 
(ACROSS TERMS. 2 AND 3) s 2V 
OUTPUT STAGE TOGGLED 


Ta«+125®CFOR 
TO-5 PACKAGES 


-80 -60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (®C) 

FIGURE 13. INPUT CURRENT vs TEMPERATURE 


Input Current Variation with Common Mode input Voltage 

As shown in the Table of Electrical Characteristics, the input 
current for the CAS 130 Series Op Amps is typically 5pA at 
= +25°C when terminals 2 and 3 are at a common mode 
potential of +7.5V with respect to negative supply Terminal 4. 
Figure 12 contains data showing the variation of Input current 
as a function of common mode input voltage at = +25°C. 
This data shows that circuit designers can advantageously 
exploit these characteristics to design circuits which typically 
require an input current of less than 1 pA, provided the com¬ 
mon mode Input voltage does not exceed 2V. As previously 
noted, the input current is essentially the result of the leakage 
current through the gate protection diodes in the input circuit 
and, therefore, a function of the applied voltage. Although the 
finite resistance of the glass terminal-to-case Insulator of the 
TO-5 package also contributes an increment of leakage cur¬ 
rent, there are useful compensating factors. Because the gate 
protection network functions as if it is connected to Terminal 4 
potential, and the T05 case of the CA5130 is also internally 
tied to Terminal 4, input terminal 3 is essentially “guarded” 
from spurious leakage currents. 

Offset Nulling 

Offset voltage nulling is usually accomplished with a 100,0000 
potentiometer connected across Terms. 1 and 5 and with the 
potentiometer slider arm connected to Term. 4. A fine offset null 
adjustment usually can be effected with the slider arm posi¬ 
tioned In the midpoint of the potentiometer's total range. 

Input Current Variation with Temperature 

The input current of the CA5130 Series circuits is typically 
5pA at +25°C. The major portion of this input current is due to 
leakage current through the gate protective diodes in the Input 
circuit. As with any semiconductor junction device. Including 
op amps with a junction FET input stage, the leakage current 
approximately doubles for every +10°C increase In tempera¬ 
ture. Figure 13 provides data on the typical variation of Input 
bias current as a function of temperature in the CA5130. 


DIFFERENTIAL DC VOLTAGE 
(ACROSS TERMS. 2 AND 3)« OV 
OUTPUT VOLTAGE mV*/! 


0 500 1000 1500 2000 2500 3000 3500 4000 

TIME (HOURS) 

FIGURE 14. TYPICAL INCREMENTAL OFFSET VOLTAGE SHIFT 
VS OPERATING LIFE 

In applications requiring the lowest practical input current 
and Incremental Increases In current because of “warm-up” 
effects. It is suggested that an appropriate heat sink be used 
with the CAS 130. In addition, when “sinking” or “sourcing” 
significant output current the chip temperature Increases, 
causing an increase In the input current. In such cases, heat¬ 
sinking can also very markedly reduce and stabilize input 
current variations. 

Input Offset Voltage (V|o) Variation with DC Bias vs. 
Device Operating Life 

it is well known that the characteristics of a MOS/FET device 
can change slightly when a dc gate source bias potential is 
applied to the device for extended time periods. The magni¬ 
tude of the change is increased at high temperatures. Users 
of the CAS 130 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper¬ 
ation at high temperatures with a significant differential dc 
bias voltage applied across Terms. 2 and 3. Figure 14 shows 
typical data pertinent to shifts in offset voltage encountered 
with CA5130 devices (TO-5 package) during life testing. At 
lower temperatures (TO-5 and plastic), for example at 
+85°C, this change In voltage Is considerably less. In typical 
linear applications where the differential voltage is small and 
symmetrical, these incremental changes are of about the 
same magnitude as those encountered in an operational 
amplifier employing a bipolar transistor Input stage. The 2V 
dc differential voltage example represents conditions when 
the amplifier output stage is “toggled”, e.g., as in comparator 
applications. 

Power-Supply Considerations 

Because the CA5130 is very useful in single supply applica¬ 
tions, it is pertinent to review some considerations relating to 
power supply current consumption under both single and 
dual supply service. Figures 15A and 15B show the CA5130 
connected for both dual and single supply operation. 
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- 


i POSITIVE 
i. SUPPLY 





A. DUAL POWER SUPPLY OPERATION 


i POSITIVE 
1 . SUPPLY 



B. SINGLE POWER SUPPLY OPERATION 

FIGURE 15. CA5130 OUTPUT STAGE IN DUAL AND SINGLE 
POWER SUPPLY OPERATION 

Dual supply operation: When the output voltage at Term. 6 
is OV, the currents supplied by the two power supplies are 
equal. When the gate terminals of Q8 and Q12 are driven 
increasingly positive with respect to ground, current flow 
through Q12 (from the negative supply) to the load is 
increased and current flow through Q8 (from the positive 
supply) decreases correspondingly. When the gate terminals 
of Q8 and Q12 are driven increasingly negative with respect 
to ground, current flow through Q8 is increased and current 
flow through Q12 is decreased accordingly. 

Single supply operation: initiaily, let it be assumed that the 
value of Rl is very high (or disconnected), and that the input 
terminal bias (Terms. 2 and 3) is such that the output terminal 
(No. 6) voltage is at V+/2, i.e., the voltage drops across Q8 and 
Q12 are of equal magnitude. Figure 4 shows typical quiescent 
supply current vs. supply voltage for the CA5130 operated 
under these conditions. Since the output stage is operating as a 
Class A amplifier, the supply current will remain constant under 
dynamic operating conditions as long as the transistors are 
operated in the linear portion of their voltage transfer character¬ 
istics (see Figure 3). If either Q8 or Q12 are swung out of their 


linear regions toward cutoff (a nonlinear region), there will be a 
corresponding reduction in supply current. In the extreme case, 
e.g., with Term. 8 swung down to ground potential (or tied to 
ground), NMOS transistor Q12 is completely cut off and the 
supply current to series connected transistors Q8, Q12 goes 
essentially to zero. The two proceeding stages in the CA5130, 
however, continue to draw modest supply current (see the 
lower curve in Figure 4) even though the output stage is strobed 
off. Figure 15A shows a dual supply arrangement for the output 
stage that can also be strobed off, assuming = <», by pulling 
the potential of Term. 8 down to that of Term. 4. 

Let it now be assumed that a load resistance of nominal value 
(e.g., 2I<Q) is connected between Term. 6 and ground in the 
circuit of Figure 15B. Let it further be assumed again that the 
Input terminal bias (Terms. 2 and 3) is such that the output ter¬ 
minal (No. 6) voltage is at V+/2. Since PMOS transistor Q8 
must now supply quiescent current to both Rl and transistor 
Q12, it should be apparent that under these conditions the 
supply current must increase as an inverse function of the Rl 
magnitude. Figure 10 shows the voltage drop across PMOS 
transistor Q8 as a function of load current at several supply 
voltages. Figure 3 shows the voltage transfer characteristics 
of the output stage for several values of load resistance. 

Wideband Noise 

From the standpoint of low noise performance consider¬ 
ations, the use of the CAS 130 is most advantageous in appli¬ 
cations where the source resistance of the input signal is on 
the order of 1MQ or more. In this case, the total input 
referred noise voltage is typically only 23^V when the test 
circuit amplifier of Figure 16 is operated at a total supply volt¬ 
age of 15V. This value of total input referred noise remains 
essentially constant, even though the value of source resis¬ 
tance is raised by an order of magnitude. This characteristic 
is due to the fact that reactance of the input capacitance 
becomes a significant factor in shunting the source resis¬ 
tance. It should be noted, however, that for values of source 
resistance very much greater than 1 MQ, the total noise volt¬ 
age generated can be dominated by the thermal noise con¬ 
tributions of both the feedback and source resistors. 



FIGURE 16. TEST-CIRCUIT AMPLIFIER (30dB GAIN) USED FOR 
WIDEBAND NOISE MEASUREMENTS 
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Typical Applications 

Voltage Followers 

Operational amplifiers with very high input resistances, like 
the CAS 130, are particularly suited to service as voltage 
followers. Figure 17 shows the circuit of a classical voltage 
follower, together with pertinent waveforms using the 
CAS 130 in a split supply configuration. 

A voltage follower, operated from a single supply, is shown in 
Figure 18, together with related waveforms. This follower 
circuit is linear over a wide dynamic range, as illustrated by 
the reproduction of the output waveform in Figure 18A with 
input signal ramping. The waveforms in Figure 18B show 
that the follower does not lose its input-to-output phase 
sense, even though the input is being swung 7.SV below 
ground potential. This unique characteristic is an important 
attribute in both operational amplifier and comparator 
applications. Figure 18B also shows the manner in which the 


CMOS output stage permits the output signal to swing down 
to the negative supply rail potential (i.e., ground in the case 
shown). The digital-to-analog converter (DAC) circuit, 
described in the following section, illustrates the practical 
use of the CAS 130 in a single supply voltage follower 
application. 

9 Bit CMOS DAC 

A typical circuit of a 9-bit DIgital-to-Analog Converter (DAC)* 
is shown In Figure 19. This system combines the concepts of 
multiple switch CMOS IC's a low cost ladder network of 
discrete metal-oxide film resistors, a CA5130 op amp 
connected as a follower, and an inexpensive monolithic 
regulator in a simple single power supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, e.g., 10V logic levels are used in the 
circuit of Figure 19. 

* “Digital-to-Analog Conversion Using the Harris CD4007A CMOS 
1C', Application Note ICAN-6080. 
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A. SMALL SIGNAL RESPONSE (50mV/DIV and 200ns/DIV) B. INPUT OUTPUT DIFFERENCE SIGNAL SHOWING SETTLING 
^ ^ ^ ^ TIME (MEASUREMENT MADE WITH TEKTRONIX 7A13 DIF- 

Topliaca: Output FERENTIAL AMPUFIER) 

Bottom Trace: Input 

Top Trace: Output Signal (2V/Div and Sps/Div) 

Center Trace: Difference Signal (5mV/Dlv and 5ps/Div) 
Bottom Trace: Input Signal (2V/Div and Sps/Div) 

FIGURE 17. CA5130 SPUT SUPPLY VOLTAGE FOLLOWER WITH ASSOCIATED WAVEFORMS 


Top Trace: Output 
Bottom Trace: Input 
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0.1hF 



A. OUTPUT WAVEFORM WITH INPUT SIGNAL RAMPING 

{2V/Div and 500ms/Div) 


B. OUTPUT WAVEFORM WITH GROUND REFERENCE SINE 
WAVE INPUT 

Top Trace: Output (5V/Dlv and 200ps/Dlv) 

Bottom Trace: Input (5V/Div and 2(X)ps/Dlv) 


FIGURE 18. SINGLE SUPPLY VOLTAGE FOLLOWER WITH ASSOCIATED WAVEFORMS. (e.g., FOR USE IN SINGLE SUPPLY D^A CONVERT¬ 
ER; SEE FIGURE 9 IN ICAN-6080) 


The circuit uses an R/2R voltage ladder network, with the 
output potential obtained directly by terminating the ladder 
arms at either the positive or the negative power supply 
terminal. Each CD4007A contains three “inverters”, each 
“Inverter" functioning as a single pole double throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power supply terminal. The resistor ladder Is an 
assembly of one percent tolerance metal oxide film resistors. 
The five arms requiring the highest accuracy are assembled 
with series and parallel combinations of 806,CX)0£2 resistors 
from the same manufacturing lot. 

A single 15V supply provides a positive bus for the CAS 130 
follower amplifier and feeds the CA3085 voltage regulator. A 
“scale adjusf function is provided by the regulator output 
control, set to a nominal 10V level in this system. The line 
voltage regulation (approximately 0.2%) permits a 9 bit 


accuracy to be maintained with variations of several volts In 
the supply. The flexibility afforded by the CMOS building 
blocks simplifies the design of DAC systems tailored to 
particular needs. 

Single Supply, Absolute Value, Ideal Full Wave Rectifier 

The absolute value circuit using the CAS 130 is shown in 
Figure 20. During positive excursions, the input signal is fed 
through the feedback network directly to the output. Simulta¬ 
neously, the positive excursion of the input signal also drives 
the output terminal (No. 6) of the inverting amplifier in a 
negative going excursion such that the 1N914 diode effec¬ 
tively disconnects the amplifier from the signal path. During 
a negative going excursion of the input signal, the CAS 130 
functions as a normal inverting amplifier with a gain equal to 
-R2/R1. When the equality of the two equations shown in 
Figure 20 is satisfied, the full wave output is symmetrical. 
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Peak Detectors 

Peak detector circuits are easily implemented with the 
CA5130, as Illustrated in Figure 21 for both the peak positive 
and the peak negative circuit. It should be noted that with 
large signal inputs, the bandwidth of the peak negative 
circuit Is much less than that of the peak positive circuit. The 
second stage of the CA5130 limits the bandwidth In this 
case. Negative going output signal excursion requires a 
positive going signal excursion at the collector of transistor 
Q11, which is loaded by the Intrinsic capacitance of the 
associated circuitry in this mode. On the other hand, during 
a negative going signal excursion at the collector of Q11, the 
transistor functions in active “pull down” mode so that the 
intrinsic capacitance can be discharged more expeditiously. 

Error Amplifier In Regulated Power Supplies 

The CA5130 is an ideal choice for error amplifier service in 
regulated power supplies since it can function as an error 
amplifier when the regulated output voltage is required to 
approach Zero. Figure 22 shows the schematic diagram of a 
40mA power supply capable of providing regulated output 
voltage by continuous adjustment over the range from OV to 
13V. Q3 and Q4 in IC2 (a CA3066 transistor array 1C) 
function as zeners to provide supply voltage for the CAS 130 
comparator (IC1). Q1, Q2, and Q5 in IC2 are configured as a 
low impedance, temperature compensated source of 
adjustable reference voltage for the error amplifier. 

Transistors Q1, Q2, Q3, and Q4 in IC3 (another CA3086 
transistor array 1C) are connected in parallel as the series 
pass element. Transistor Q5 in IC3 functions as a current 
limiting device by diverting base drive from the series pass 
transistors, in accordance with the adjustment of resistor R2. 

Figure 23 contains the schematic diagram of a regulated 
power supply capable of providing regulated output voltage 
by continuous adjustment over the range from 0.1V to 50V 
and currents up to 1A. The error amplifier (IC1) and circuitry 
associated with IC2 function as previously described, 
although the output of IC1 is boosted by a discrete transistor 
(Q4) to provide adequate base drive for the Darlington 
connected series pass transistors Q1, 02. Transistor 03 
functions in the previously described current limiting circuit. 

Multivibrators 

The exceptionally high input resistance presented by the 
CA5130 is an attractive feature for multivibrator circuit 
design because it permits the use of timing circuits with high 
R/C ratios. The circuit diagram of a pulse generator (astable 
multivibrator), with provisions for Independent control of the 
“on” and “off” periods, is shown in Figure 24. Resistors R1 
and R2 are used to bias the CA5130 to the midpoint of the 


supply voltage and R3 is the feedback resistor. The pulse 
repetition rate is selected by positioning SI to the desired 
position and the rate remains essentially constant when the 
resistors which determine “on period” and “off period” are 
adjusted. 

Function Generator 

Figure 25 contains a schematic diagram of a function gener¬ 
ator using the CA5130 In the integrator and threshold 
detector functions. This circuit generates a triangular or 
square wave output that can be swept over a 1,000,000:1 
range (0.1Hz to 100kHz) by means of a single control, R1. A 
voltage control input is also available for remote sweep 
control. 

The heart of the frequency determining system is an opera¬ 
tional transconductance amplifier (OTA)*, IC1, operated as a 
voltage controlled current source. The output, Iq, is a current 
applied directly to the integrating capacitor. Cl, in the feed¬ 
back loop of the integrator IC2, using a CA5130, to provide 
the triangular wave output. Potentiometer R2 is used to 
adjust the circuit for slope symmetry of positive going and 
negative going signal excursions. 

Another CA5130, IC3, is used as a controlled switch to set 
the excursion limits of the triangular output from the integra¬ 
tor circuit. Capacitor C2 is a “peaking adjustment” to 
optimize the high frequency square wave performance of the 
circuit. 

Potentiometer R3 is adjustable to perfect the “amplitude 
symmetry" of the square wave output signals. Output from 
the threshold detector is fed back via resistor R4 to the input 
of IC1 so as to toggle the current source from plus to minus 
in generating the linear triangular wave. 

* See File No. 475 and ICAN-6668. 

Operation with Output Stage Power-Booster 

The current sourcing and sinking capability of the CA5130 
output stage is easily supplemented to provide power boost 
capability. In the circuit of Figure 26, three CMOS transistor 
pairs in a single CA3600E* 1C array are shown parallel 
connected with the output stage in the CA5130. In the Class 
A mode of CA3600E shown, a typical device consumes 
20mA of supply current at 15V operation. This arrangement 
boosts the current handling capability of the CA5130 output 
stage by about 2.5X. 

The amplifier circuit in Figure 26 employs feedback to estab¬ 
lish a closed-loop gain of 48dB. The typical large signal 
bandwidth (-3dB) is 50kHz. 

* See File No. 619 for technical information. 


2-233 


OPERATIONAL 

AMPLIFIERS 







CA5130, CA5130A 



CD4007A 

“SWITCHES” 


CD4007A 

SWITCHES” 


> (5 

806K< 
1 % ^ 

) 

402K:< 

:200K 

ro © 

X100K 

>1% 

8 O 6 K 

806K^ 

[soeJ 

0 ( 2 ) 0 ( 4 ) L 

: < 8 O 6 K< 8 O 6 K <1 

► ^1% ^1% ^ 

806K 

1 % 



8 O 6 K 

1% 

750K 

1 % 


PARALLELED 

RESISTORS 


6-9 ±1%ABS 
All Resistances in Ohms 



VOLTAGE 

FOLLOWER 


REGULATED 
IT VOLTAGE 
ADJ 
K 


- 100K T I 
"offset*—^ 

NULL 2K 


FIGURE 19. 9 BIT DAC USING CMOS DIGITAL SWITCHES AND CA5130 
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Top Trace: Output Signal (2V/Div) 
Bottom Trace: Input Signal (lOV/DIv) 
Time base on both traces: 0.2ms/Div 


20Vp-p Input: BW(-3clB) = 230kHz, DC Output (Avg.) = 3.2V 
1 Vp-p Input: BW(-3dB) = 130kHz, DC Output (Avg.) = 160mV 

FIGURE 20. SINGLE SUPPLY, ABSOLUTE VALUE, IDEAL FULL WAVE RECTIFIER WITH ASSOCIATED WAVEFORMS 
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6Vp.p INPUT; 
BW(-3dB)« 1.3MHz 
0.3Vp.p INPUT; 
BW(-3dB) > 240kHz 


► +7.5V 

* O.OIpP 
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A. PEAK POSITIVE DETECTOR CIRCUIT 


B. PEAK NEGATIVE DETECTOR CIRCUIT 


FIGURE 21. PEAK-DETECTOR CIRCUITS 
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HUM AND NOISE OUTPUT: < 25mV UP TO 100kHz 


FIGURE 22. VOLTAGE REGULATOR CIRCUIT (0 TO 13V AT 40mA) 
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REGULATION (NO LOAD TO FULL LOAD): < 0.005% 
INPUT REGULATION: 0.01 %/V 

HUM AND NOISE OUTPUT: < 250^V RMS UP TO 100kHz 


FIGURE 23. VOLTAGE REGULATOR CIRCUIT (0.1 TO 50V AT 1 A) 



FREQUENCY RANGE: 

POSITION OF SI PULSE PERIOD 
0.001 )iF 4ns to 1ms 
0.01 nF 40ns to 10ms 
0.1 nF 0.4ns to 100ms 
inF 4ns to 1s 


FIGURE 24. PULSE GENERATOR (ASTABLE MULTIVIBRATOR) WITH PROVISIONS FOR INDEPENDENT CONTROL OF ‘‘ON” AND 
“OFF” PERIODS. 
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FIGURE 25. FUNCTION GENERATOR (FREQUENCY CAN BE VARIED 1,000,000/1 WITH A SINGLE CONTROL) 
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*SEE RLE NUMBER 619 

FIGURE 26. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA5130 
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SEMICONDUCTOR 


CA5160 


March 1993 


BiMOS Microprocessor Operational Amplifiers 
with MOSFET Input/CMOS Output 


Features 

• MOSFET Input Stage 

• Very High Z,; 1.5TO (1.5 x 10^*a) Typ. 

- Very Low l|; 5pA Typ. at 15V Operation 
2pA Typ. at 5V Operation 

• Common-Mode Input Voltage Range Includes Nega¬ 
tive Supply Rail; input Terminals Can be Swung 0.5V 
Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 

• CA5160A, CA5160 Have Fill Military Temperature 
Range Guaranteed Specifications for V+ = 5V 

• CA5160A, CA5160 Are Guaranteed to Operate Down 
to 4.5V for Aql 

• CA5160A, CA5160 Are Guaranteed Up to ±7.5V 

Applications 

• Ground Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long Duration Timers/Monostables 

• Ideal Interface With Digital CMOS 

• High Input Impedance Wideband Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply D/A 
Converter) 

• Wien-Bridge Oscillators 

• Voltage Controlled Oscillators 

• Photo Diode Sensor Amplifiers 

• 5V Logic Systems 

• Microprocessor Interface 


Description 

CA5160A and C/\5160 are integrated circuit operational amplifi¬ 
ers that combine the advantage of both CMOS and bipolar tran¬ 
sistors on a monolithic chip. The CAS 160 series circuits are 
frequency compensated versions of the popular CA5130 series. 
They are designed and guaranteed to operate in microprocessor 
or logic systems that use +5V supplies. 

Gate-protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input impedance, 
very bw input current, and exceptional speed performance. The 
use of PMOS field effect transistors in the input stage results in 
common-mode input voltage capability down to 0.5V bebw the 
negative supply terminal, an important attribute in singte supply 
applicatbns. 

A complementary symmetry MOS (CMOS) transistor pair, capa- 
bb of swinging the output voltage to within lOmV of either supply 
voltage terminal (at very high values of bad impedance), is 
employed as the output circuit. 

The CAS 160 Series circuits operate at supply voltages ranging 
from +5V to +16V, or ±2.5V to ±8V when using split supplies, and 
have terminals for adjustment of offset voltage for applications 
requiring offset-null capability. Terminal provisions are also made 
to permit strobing of the output stage. They have guaranteed 
specifications for 5V operation over the full military temperature 
range of -55°C to +125°C. 

Ordering Information 


PART NUMBER 


TEMP. RANGE 
-55°C to +125°C 
-55°C to 4-125^ 
-55°C to +125°C 


8 Lead Plastic DIP 


8 Lead SOIC 


-55*^C to +125°C 8 Lead SOIC 

-55°C to +125°C 8 Lead Plastic DIP 

8 Pin Can 


Pinouts 

CA5160A, CA5160 (CAN) 
TOP VIEW 

SUPPLEMENTARY ^^TAB 
COMPENSATION 

OFFSET NULL 


INV. INPUT C2 ) 


NON INV. INPUT (^ 


CS) OFFSET NULL 


V- AND CASE 


CA5160A, CA5160 (PDIP, SOIC) 
TOP VIEW 


OFFSET NULL 


INV INPUT 


NON INV. INPUT 



5 OFFSET NULL 


CA5160 Series devices have an on-chip frequency compensation network. Supplementary phase-compensation or frequency roll-off (if desired) can be corv 
nected externally between terminals 1 and 8. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


File Number 1924.2 
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Specifications CA5160A, CA5160 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage 

(Between V+ and V- Terminals). 

Differential Input Voltage. 

DC Input Voltage. 

Input Current. 

Output Short Circuit Duration (Note 2).... 

Junction Temperature. 

Junction Temperature (Plastic Package) .. 
Lead Temperature (Soldering 10 Sec.)_ 

.16V 

.8V 

..(V++8V)to(V--0.5V) 

.Indefinite 

.+175°C 

. +150°C 

. +300®C 

Operating Temperature Range. 

Storage Temperature Range. 

Output Short Circuit Duration (Note 1). 

....-55°Cto+125°C 
. ...-65°Cto+150®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications = +2S°C, V+ = SV, V- = OV, unless otherwise Specified 














































































































































Specifications CA5160A, CAS 160 


Electrical Specifications Ta = +25°C, V+ = 5V, V- = OV, unless otherwise Specified (Continued) 





LIMITS 





CA5160A 

CA5160 


PARAMETERS 

SYMBOL 

1 CO 1 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

•supply 

Vo = 0V 

- 

50 

100 

- 

50 

100 

pA 


•supply 


- 

320 

400 

- 

320 

400 

pA 


NOTE: 

1. For V+ = 4.5V and V- = GND; Vqut = 0.5V to 3.2V at Rl = 10ka 

2. Short circuit may be applied to ground or to either supply. 


Eiectricai Specifications Ta = -55°C to +125°C, V+ = 5V, V- = OV, unless otherwise Specified 


PARAMETERS 

SYMBOL 

TEST 

CONDITIONS 

CA5160A 

MIN 

TYP 

Input Offset Voltage 

< 

6 


- 

2 

Input Offset Current 

•lO 

Vo =2.5 V 

- 

0.1 


input Current ii Vq = 2.5V - 2 

Common Mode Rejection Ratio CMRR Vqm = 0 to IV 60 80 


LIMITS 

CA5160 

MAX MIN TYP MAX 

10 - 3 15 

5 - 0.1 10 

10 - 2 15 

60 80 


VcM = 0t0 


55 




Common Mode Input Voltage V|cr+ 

Range - 

V|CR- 




Power Supply Rejection Ratio 

PSRR 

AV+ = 2V 

45 

65 

- 

40 

60 

- 

Large Signal Voltage Gain 
(Note 1) 

Aol 




■ 



■ 

Vo = 0.1 to 4.1V 


Rl=oo 

94 

110 

■ 

90 

110 

■ 

Vo = 0.1 to 3.6V 


RL=10ka 

80 

100 

- 

75 

100 

- 

Source Current 

•source 

Vo = 0V 

0.6 

2.2 

5.0 

0.6 

- 

5.0 


Slnk Current 

Maximum Output Voltage 


SINK 

^OUT 


0.6 


1.15 5.0 I 0.6 



5.0 


UNITS 


mV 

nA 


nA 

dB 

dB 

V 


V 


dB 


dB 

dB 


mA 

mA 


































































































































































Specifications CA5160A, CA5160 


Electrical Specifications Ta = -55°C to +125°C, V-t- = SV, V- = OV, unless otherwise Specified(Continued) 



loM+ (Source) 


loM (Sink) 


Supply Current 


Input Offset Voltage Temp. Drift 
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Specifications CA5160A, CA5160 


Typical Values Intended Only for Design Guidance = +25°C, V+ = +7.5V, V- = -7.5V (Unless Otherwise Specified) 


PARAMETERS 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

CA5160A 

CA5160 

TYP 

TYP 

Input Offset Voltage Adjustment Range 


lOkQ Across Terminals 4 and 5 or 4 and 1 

±22 

±22 

mV 

Input Resistance 

Ri 


1.5 

1.5 

TQ 

Input Capacitance 

C, 

f=1MHz 

4.3 

CO 

PF 

Equivalent Input Noise Voltage 

©N 

BW = 0.2MHz, Rs= 1MO 

40 

40 

pV 

BW = 0.2MHz, Rs=10MQ 

50 

50 

pV 

Equivalent Input Noise Voltage 

©N 

Rs= 1000,1kHz 

72 

72 

nV/VHz 

Rs= 1000,10kHz 

30 

30 

nV/Vl^ 

Unity Gain Crossover Frequency 

h 


4 

4 

MHz 

Slew Rate 

SR 


10 

10 

V/ps 

Transient Response 

Rise Time 

tp 

Cc = 25pF, Rl = 2kO 
(Voltage Follower) 

0.09 

0.09 

ps 

Overshoot 

OS 

10 

10 

% 

Settling Time (To <0.1%, V|n = 4Vp.p) 

fs 

Cc = 25pF, Rl = 2kO 
(Voltage Follower) 

1.8 

1.8 

ps 


Biock Diagram 
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Schematic Diagram 


BIAS CIRCUIT 


zi Z 

- D1 
[ D2 
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INPUT STAGE 
D5 I 
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SECOND 
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1 1 ^ 

L 30 
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<R4 
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f PF 


It 

>1kn 

_LL 



Lie 


1 1 : 

Q12 


OUTPUT 
STAGE 08 


jzr ;0UTPU1 

^}f® 




- SUPPLEMENTARY 
COMP IF DESIRED 


NOTE: Diodes D5 Through D7 Provide Gate Oxide Protection For MOSFET Input Stage 


Circuit Description 

Refer to the block diagram of the CA5160 series CMOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli¬ 
cations. Consequently, the CAS 160 series circuits are ideal 
for single supply operation. Three class A amplifier stages, 
having the individual gain capability and current consump¬ 
tion shown In the block diagram, provide the total gain of the 
CA5160. A biasing circuit provides two potentials for com¬ 
mon use in the first and second stages. Terminals 8 and 1 
can be used to supplement the internal phase compensation 
network If additional phase compensation or frequency roll¬ 
off is desired. Terminals 8 and 4 can also be used to strobe 
the output stage Into a low quiescent current state. When 
Terminal 8 is tied to the negative supply rail (Terminal 4) by 
mechanical or electrical means, the output potential at Ter¬ 
minal 6 essentially rises to the positive supply rail potential at 
Terminal 7. This condition of essentially zero current drain in 
the output stage under the strobed “OFF’ condition can only 
be achieved when the ohmic load resistance presented to 


the amplifier is very high (e.g., when the amplifier output is used 
to drive CMOS digital circuits in comparator applications). 

Input Stages - The circuit of the CA5160 Is shown In the 
schematic diagram. It consists of a differential input stage 
using PMOS field effect transistors (06, 07) working into a 
mirror pair of bipolar transistors (09, 010) functioning as 
load resistors together with resistors R3 through R6. The 
mirror pair transistors also function as a differential-to-slngle- 
ended converter to provide base drive to the second-stage 
bipolar transistor (Oil). Offset nulling, when desired, can be 
effected by connecting a 100,000 ohm potentiometer across 
Terminals 1 and 5 and the potentiometer slider arm to Termi¬ 
nal 4. 

Cascode-connected PMOS transistors 02, 04, are the con¬ 
stant current source for the input stage. The biasing circuit 
for the constant current source is subsequently described. 
The small diodes D5 through D7 provide gate-oxide protec¬ 
tion against high voltage transients, including static electric¬ 
ity during handling for 06 and 07. 
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Second Stage 

Most of the voltage gain in the CAS 160 is provided by the 
second amplifier stage, consisting of bipolar transistor Q11 
and its cascode-connected load resistance provided by 
PMOS transistors Q3 and Q5. The source of bias potentials 
for these PMOS transistors is described later. Miller Effect 
compensation (roll off) is accomplished by means of the 30pf 
capacitor and 2kO resistor connected between the base and 
collector of transistor Q11. These internal components pro¬ 
vide sufficient compensation for unity gain operation in most 
applications. However, additional compensation, if desired, 
may be used between Terminals 1 and 8. 

Bias-Source Circuit - At total supply voltages, somewhat 
above 8.3 volts, resistor R2 and zener diode Z1 serve to 
establish a voltage of 8.3 volts across the series connected 
circuit, consisting of resistor R1, diodes D1 through D4, and 
PMOS transistor Q1. A tap at the junction of resistor R1 and 
diode D4 provides a gate bias potential of about 4.5 volts for 
PMOS transistors Q4 and Q5 with respect to Terminal 7. A 
potential of about 2.2 volts is developed across diode con¬ 
nected PMOS transistor 01 with respect to Terminal 7 to 
provide gate bias for PMOS transistors 02 and Q3. It should 
be noted that Q1 Is “mirror connected” to both 02 and 03. 
Since transistors Q1, 02 and 03 are designed to be identi¬ 
cal, the approximately 200-microampere current in 01 
establishes a similar current In 02 and 03 as constant cur¬ 
rent sources for both the first and second amplifier stages, 
respectively. 


Typical Performance Curves 



FREQUENCY (Hz) 

FIGURE 1. OPEN- LOOP VOLTAGE GAIN AND PHASE SHIFT 


vs FREQUENCY 


At total supply voltages somewhat less than 8.3 volts, zener 
diode Z1 becomes non-conductive and the potential, devel¬ 
oped across series connected R1, D1-D4, and 01 varies 
directly with variations in supply voltage. Consequently, the 
gate bias for 04, 05 and 02, 03 varies in accordance with 
supply voltage variations. This variation results in deteriora¬ 
tion of the power supply rejection ration (PSRR) at total sup¬ 
ply voltages below 8.3 volts. Operation at total supply 
voltages below about 4.5 volts results in seriously degraded 
performance. 

Output Stage - The output stage consists of a draiii loaded 
inverting amplifier using CMOS transistors operating in the 
Class A mode. When operating into very high resistance 
loads, the output can be swung within millivolts of either sup¬ 
ply rail. Because the output stage is a drain loaded amplifier, 
its gain is dependent upon the load Impedance. The transfer 
characteristics of the output stage for a load returned to the 
negative supply rail are shown In Figure 3. Typical op-amp 
loads are readily driven by the output stage. Because large 
signal excursions are nonlinear, requiring feedback for good 
waveform reproduction, transient delays may be encoun¬ 
tered. As a voltage follower, the amplifier can achieve 0.01 
percent accuracy levels, including the negative supply rail. 



TEMPERATURE (®C) 

FIGURE 2. OPEN-LOOP GAIN vs TEMPERATURE 


2-244 







CA5160A, CA5160 


Typical Performance Curves 


SUPPLY VOLTAGE: V* = 15V, V- = OV 
Ta-*25°C_ 


^LOAD RESISTANCE « 5kQ 


^ 12^ 
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I 500Q 



0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 

GATE VOLTAGE [TERMS 4 AND 8] (V) 

FIGURE 3. VOLTAGE TRANSFER CHARACTERISTICS OF 
CMOS OUTPUT STAGE 


OUTPUT VOLTAGE s VW2 


< 12 ^ V- = 0 


Ta»-550C 
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POSITIVE SUPPLY VOLTAGE (V) 

FIGURE 5. QUIESCENT SUPPLY CURRENT vs SUPPLY 
VOLTAGE 
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FIGURE 4. QUIESCENT SUPPLY CURRENT vs SUPPLY 
VOLTAGE 
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OUTPUT VOLTAGE (V) 

FIGURE 6. SUPPLY CURRENT vs OUTPUT VOLTAGE 


V+ s 5V, V- = OV 
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LOAD RESISTANCE (kO) 

FIGURE 7. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
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FIGURE 8. OUTPUT SWING vs LOAD RESISTANCE 
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Offset Nulling 

Offset voltage nulling is usually accomplished with a 
100,0000 potentiometer connected across Terminals 1 and 
5 and with the potentiometer slider arm connected to Termi¬ 
nal 4. A fine offset null adjustment usually can be affected 
with the slider arm positioned in the mid point of the potenti¬ 
ometer’s total range. 

Input Current Variation with Common Mode Input 
Voltage 

As shown in the Table of Electrical Characteristics, the input 
current for the CA5160 Series Op-Amps is typically 5pA at 
T;^ = +25°C when Terminals 2 and 3 are at a common-mode 
potential of +7.5 volts with respect to negative supply Termi¬ 
nal 4. Figure 13 contains data showing the variation of input 
current as a function of common-mode input voltage at T^ = 
+25°C. These data show that circuit designers can advanta¬ 
geously exploit these characteristics to design circuits which 
typically require an input current of less than IpA, provided 
the common-mode input voltage does not exceed 2 volts. As 
previously noted, the input current is essentially the result of 
the leakage current through the gate-protection diodes in the 
input circuit and, therefore, a function of the applied voltage. 
Although the finite resistance of the glass terminal-to-case 
insulator of the TO-5 package also contributes an increment 
of leakage current, there are useful compensating factors. 
Because the gate-protection network functions as if it is con¬ 
nected to Terminal 4 potential, and the TO-5 case of the 
CA5160 is also internally tied to Terminal 4, input terminal 3 
is essentially “guarded” from spurious leakage currents. 


Ta = +25<>C 


■■■■■a 



INPUT CURRENT (pA) 

FIGURE 13. CA5160 INPUT CURRENT vs COMMON MODE 
VOLTAGE 

Input Current Variation with Temperature 

The input current of the CA5160 series circuits is typically 5 
pA at +25°C. The major portion of this input current is due to 
leakage current through the gate protective diodes in the 
input circuit. As with any semiconductor-junction device. 


including op amps with a junctlon-FET input stage, the 
leakage current approximately doubles for every 10°C 
increase in temperature. Figure 14 provides data on the 
typical variation of input bias current as a function of 
temperature in the CA5160. 

In applications requiring the lowest practical input current 
and incremental increases in current because of “warm-up” 
effects, it is suggested that an appropriate heat sink be used 
with the CA5160. In addition, when “sinking” or “sourcing” 
significant output current the chip temperature increases, 
causing an increase in the Input current. In such cases, heat¬ 
sinking can also very markedly reduce and stabilize input 
current variations. 



-80 -60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (®C) 

FIGURE 14. INPUT CURRENT vs AMBIENT TEMPERATURE 

Input Offset Voltage (V|o) Variation with DC Bias vs 
Device Operating Life 

It is well known that the characteristics of a MOSFET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magni¬ 
tude of the change is increased at high temperatures. Users 
of the CA5160 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper¬ 
ation at high temperatures with a significant differential dc 
bias voltage applied across Terminals 2 and 3. Figure 15 
shows typical data pertinent to shifts in offset voltage 
encountered with CA5160 devices in TO-5 packages during 
life testing. At lower temperatures (TO-5 and plastic) for 
example at +85°C, this change in voltage is considerably 
less. In typical linear applications where the differential volt¬ 
age is small and symmetrical, these incremental changes 
are of about the same magnitude as those encountered in 
an operational amplifier employing a bipolar transistor input 
stage. The two-volt dc differential voltage example repre¬ 
sents conditions when the amplifier output state is “toggled”, 
e.g., as in comparator applications. 
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TIME (HOURS) 

FIGURE 15. TYPICAL INCREMENTAL OFFSET-VOLTAGE 
SHIFT vs OPERATING LIFE 


Power Supply Considerations 

Because the CA5160 is very useful in single-supply applica¬ 
tions, It Is pertinent to review some considerations relating to 
power-supply current consumption under both single-and 
dual-supply service. Figures 16A and 16B show the CA5160 
connected for both dual and single-supply operation. 

Dual-supply Operation: When the output voltage at Termi¬ 
nal 6 is zero-volts, the currents supplied by the two power 
supplies are equal. When the gate terminals of Q8 and Q12 
are driven increasingly positive with respect to ground, cur¬ 
rent flow through Q12 (from the negative supply) to the load 
Is Increased and current flow through Q8 (from the positive 
supply) decreases correspondingly. When the gate terminals 
of Q8 and Q12 are driven Increasingly negative with respect 
to ground, current flow through Q8 is Increased and current 
flow through Q12 is decreased accordingly. 


Let it now be assumed that a load-resistance of nominal 
value (e.g., 2 kilohms) is connected between Terminal 6 and 
ground in the circuit of Figure 16B. Let it further be assumed 
again that the input terminal bias (Terminals 2 and 3) is such 
that the output terminal (Number 6) voltage Is V+/2. Since 
PMOS transistor Q8 must now supply quiescent current to 
both Rl and transistor Q12, it should be apparent that under 
these conditions the supply current must increase as an 
inverse function of the Rl magnitude. Figure 10 shows the 
voltage drop across PMOS transistor Q8 as a function of 
load current at several supply voltages. Figure 3 shows the 
voltage transfer characteristics of the output stage for sev¬ 
eral values of load resistance. 


■n 


POSITIVE 

SUPPLY 





(A) DUAL POWER-SUPPLY OPERATION 


Single Supply Operation: Initially, let it be assumed that the 
value of Rl Is very high (or disconnected), and that the input- 
terminal bias (Terminals 2 and 3) is such that the output ter¬ 
minal (Number 6) voltage Is at V+/2, I.e., the voltage-drops 
across Q8 and Q12 are of equal magnitude. Figure 4 shows 
typical quiescent supply-current vs supply-voltage for the 
CA5160 operated under these conditions. Since the output 
stage is operating as a Class A amplifier, the supply-current 
will remain constant under dynamic operating conditions as 
long as the transistors are operated in the linear portion of 
their voltage transfer characteristics (see Figure 3). If either 
Q8 or Q12 are swung out of their linear regions toward cutoff 
(a nonlinear region), there will be a corresponding reduction 
In supply-current. In the extreme case, e.g., with Terminal 8 
swung down to ground potential (or tied to ground), NMOS 
transistor Q12 is completely cut off and the supply-current to 
series-connected transistors Q8, Q12 goes essentially to 
zero. The two preceding stages in the CAS 160, however, 
continue to draw modest supply-current (see the lower curve 
in Figure 4) even through the output stage Is strobed off. Fig¬ 
ure 16A shows a dual-supply arrangement for the output 
stage that can also be strobed off, assuming Rl = «x», by pull¬ 
ing the potential of Terminal 8 down to that of Terminal 4. 


- rzL 

“T“ 

; POSITIVE 
1. SUPPLY 



(B) SINGLE POWER-SUPPLY OPERATION 

FIGURE 16. CA5160 OUTPUT STAGE IN DUAL AND SINGLE 
POWER-SUPPLY OPERATION 
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Wideband Noise 

From the standpoint of low-noise performance consider¬ 
ations, the use of the CAS 160 is most advantageous in appli¬ 
cations where in the source resistance of the input signal is 
on the order of 1 megohm or more. In this case, the total 
input-referred noise voltage Is typically only 40pV when the 
test-circuit amplifier of Figure 17 is operated at a total supply 
voltage of 15 volts. This value of total input-referred noise 
remains essentially constant, even though the value of 
source resistance is raised by an order of magnitude. This 
characteristic is due to the fact that reactance of the input 
capacitance becomes a significant factor in shunting the 
source resistance. It should be noted, however, that for val¬ 
ues of source resistance very much greater than 1 megohm, 
the total noise voltage generated can be dominated by the 
thermal noise contributions of both the feedback and source 
resistors. 


^ r 
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-7.5V -sir 


-t- afiuLATED 
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BW (-3dB) s 200kHz 
TOTAL NOISE VOLTAGE 
(REFERRED INPUT) * 40^V TYP 


FIGURE 17. TEST-CIRCUIT AMPLIFIER (30dB GAIN) USED FOR 
WIDEBAND NOISE MEASUREMENTS 
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(B) SMALL SIGNAL RESPONSE 

Top Trace: Output 
Bottom Trace: Input 


Typical Applications 

Voltage Followers 

Operational amplifiers with very high input resistances, like 
the CA5160, are particularly suited to service as voltage fol¬ 
lowers. Figure 18 shows the circuit of a classical voltage fol¬ 
lower, together with pertinent waveforms using the CAS 160 
in a split supply-configuration. 

A voltage follower, operated from a single-supply. Is shown In 
Figure 19 together with related waveforms. This follower cir¬ 
cuit is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform in Figure 19B with input- 
signal ramping. The waveforms in Figure 19C show that the 
follower does not lose Its Input-to-output phase-sense, even 
though the input Is being swung 7.5 volts below ground poten¬ 
tial. This unique characteristic Is an important attribute in both 
operational amplifier and comparator applications. Figure 19C 
also shows the manner in which the CMOS output stage per¬ 
mits the output signal to swing down to the negative supply rail 
potential (i.e., ground in the case shown). The digital-to-ana- 
log converter (DAC) circuit, described in the following section, 
illustrates the practical use of the CAS 160 in a single-supply 
voltage follower application. 



(C) INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING SETTLING 
TIME 

Top Trace: Output Signal 
Center Trace: Difference Signal 5mV/Div. 

Bottom Trace: Input Signal 

FIGURE 18. SPLIT-SUPPLY VOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS 
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9-Bit CMOS DAC 

A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Figure 20. This system combines the concepts of 
multiple-switch CMOS IC’s, a low cost ladder network of dis¬ 
crete metal-oxide-film resistors, a CAS 160 op amp con¬ 
nected as a follower, and an inexpensive monolithic 
regulator in a simple single power supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, e.g., 10 volt logic levels are used in 
the circuit of Figure 20. 

* "Digital-to-Analog Conversion Using the Harris CD4007A CMOS 
IC", Application Note AN-6080. 

The circuit uses an R/2R voltage-ladder network, with the 
output-potential obtained directly by terminating the ladder 
arms at either the positive or the negative power-supply ter¬ 
minal. Each CD4007A contains three “inverters”, each 
“inverter"’ functioning as a single-pole double-throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of one percent tolerance metal-oxide film resistors. 
The five arms requiring the highest accuracy are assembled 
with series and parallel combinations of 806,GOOD resistors 
from the same manufacturing lot. 

A single 15-volt supply provides a positive bus for the 
CAS 160 follower amplifier and feeds the CA3085 voltage 
regulator. A “scale-adjust” function Is provided by the regula¬ 
tor output control, set to a nominal 10-volt level in this sys¬ 
tem. The line-voltage regulation (approximately 0.2%) 
permits a 9-bit accuracy to be maintained with variations of 
several volts in the supply. The flexibility afforded by the 
CMOS building blocks simplifies the design of DAC systems 
tailored to particular needs. 

Error Amplifier in Regulated Power Supplies 

The CA5160 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
approach zero. 

The circuit shown in Figure 21 uses a CA5160 as an error 
amplifier in a continuously adjustable 1-ampere power sup¬ 
ply. One of the key features of this circuit is its ability to regu¬ 
late down to the vicinity of zero with only one dc power 
supply input. 

An RC network, connected between the base of the output 
drive transistor and the input voltage, prevents “turn-on over¬ 
shoot”, a condition typical of many operational-amplifier reg¬ 
ulator circuits. As the amplifier becomes operational, this RC 
network ceases to have influence on the regulator perfor¬ 
mance. 



(B) OUTPUT SIGNAL WITH INPUT-SIGNAL RAMPING. 
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(C) OUTPUT-WAVEFORM WITH GROUND-REFERENCE SINE- 
WAVE INPUT 

Top Trace: Output 
Bottom Trace: Input 


FIGURE 19. SINGLE-SUPPLY VOLTAGE-FOLLOWER WITH 

ASSOCIATED WAVEFORMS, (e.g., FOR USE IN SIN¬ 
GLE-SUPPLY D/A CONVERTER; SEE FIGURE 9 IN 
AN-6080) 
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FIGURE 20. 9-BIT DAC USING CMOS DIGITAL SWITCHES AND CA5160 
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Precision Voitage-Controiied Osciilator 

The circuit diagram of a precision voltage-controlled oscilla¬ 
tor is shown in Figure 22. The oscillator operates with a 
tracking error on the order of 0.02 percent and a temperature 
coefficient of 0.01 %/°C. A multivibrator (A^) generates 
pulses of constant amplitude (V) and width (T2). Since the 
output (terminal 6) of A^ (a CA5130) can swing within about 
10 millivolts of either supply-rail, the output pulse amplitude 
(V) is essentially equal to V+. The average output voltage 
(Eavg = V T2/Ti) is applied to the non-inverting input terminal 
of comparator A2 (a CAS 160) via an Integrating network R3, 
C2. Comparator A2 operates to establish circuit conditions 
such that Eavg = VI. This circuit condition is accomplished by 
feeding an output signal from terminal 6 of A2 through R4, D4 
to the inverting terminal (terminal 2) of A^, thereby adjusting 
the multivibrator interval, T3. 


Voltmeter With High Input Resistance 

The voltmeter circuit shown In Figure 23 illustrates an appli¬ 
cation in which a number of the CA5160 characteristics are 
exploited. Range-switch SW1 is ganged between input and 
output circuitry to permit selection of the proper output volt¬ 
age for feedback to Terminal 2 via 10kl2 current-limiting 
resistor. The circuit is powered by a single 8.4 volt mercury 
battery. With zero input signal, the circuit consumes some¬ 
what less than 500 microamperes plus the meter current 
required to Indicate a given voltage. Thus, at full-scale input, 
the total supply current rises to slightly more than 1500 
microamperes. 



Hum and Noise Output < 250pVRMS: 
Regulation (No Load to Full Load) <0.005%; 
Input Regulation < 0.01 %A/ 


FIGURE 21. CA5160 VOLTAGE REGULATOR CIRCUIT (0.1 TO 35V AT 1A). 
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FIGURE 23. CA5160A HIGH INPUT RESISTANCE DC VOLTMETER 
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1 ’‘■'-I 

-7.5V * -ST- 


►ysA 


HIGH FREQ 
LEVEL 
ADJUST 


|CA3080 X 6J 


: 50kQ 2-1N914 





(B) TWO-TONE OUTPUT SIGNAL FROM THE FUNCTION GEN- (C) TRIPLE-TRACE OF THE FUNCTION GENERATOR SWEEP- 


ERATOR. A SQUARE WAVE SIGNAL MODULATES THE EX¬ 
TERNAL SWEEPING INPUT TO PRODUCE 1Hz AND 1MHz, 
SHOWING THE 1,000,000/1 FREQUENCY RANGE OF THE 
FUNCTION GENERATOR 


ING T01 MHz. THE BOTTOM TRACE IS THE SWEEPING SIG¬ 
NAL AND THE TOP TRACE IS THE ACTUAL GENERATOR 
OUTPUT. THE CENTER TRACE DISPLAYS THE 1MHz SIG¬ 
NAL VIA DELAYED OSCILLOSCOPE TRIGGERING OF THE 
UPPER SWEPT OUTPUT SIGNAL 


FIGURE 24. CA5160 1,000,000/1 SINGLE CONTROL FUNCTION GENERATOR - 1MHz TO 1Hz 
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(B) STAIRCASE GENERATOR WAVEFORM 

Top Trace: Staircase Output 2V Steps 
Center Trace: Comparator 
Bottom Trace: Oscillator 

FIGURE 25. STAIRCASE GENERATOR CIRCUIT UTILIZING 
THREE CMOS OPERATIONAL AMPLIFIERS 

Function Generator 

A function generator having a wide tuning range is shown in Fig¬ 
ure 24. The adjustment range, in excess of 1,CXX),CXXyi, is 
accomplished by a single potentbmeter. Three operational 
amplifiers are utilized: a CA5160 as a voltage follower, a CA3080 
as a high-speed comparator, and a second CA3080A as a pro¬ 
grammable current source. Three variable capacitors C1, 02, 
and 03 shape the triangular signal between 500kHz and 1 MHz. 
Oapacitors 04,05, and the trimmer potentiometer in series with 
05 maintain essentially constant (±10%) amplitude up to 1MHz. 

Staircase Generator 

Figure 25 shows a staircase generator circuit utilizing three 
OMOS operational amplifiers. Two GA5130's are used; one as a 
multivibrator, the other as a hysteresis switch. The third ampli¬ 
fier, a OA5160, is used as a linear staircase generator. 


Picoammeter Circuit 

Figure 26 is a current-to-voltage converter configuration uti¬ 
lizing a OA5160 and GA3140 to provide a picoampere meter 
for ±3pA full-scale meter deflection. By placing Terminals 2 
and 4 of the OA5160 at ground potential, the OA5160 input 
Is operated In the “guarded mode”. Under this operating con¬ 
dition, even slight leakage resistance present between Ter¬ 
minals 3 and 2 or between Terminals 3 and 4 would result In 
zero voltage across this leakage resistance, thus substan¬ 
tially reducing the leakage current. 

If the CA5160 is operated with the same voltage on Input 
Terminals 3 and 2 as on Terminal 4, a further reduction in the 
input current to the less than one picoampere level can be 
achieved as shown in Figure 13. 

To further enhance the stability of this circuit, the CA5160 
can be operated with its output (Terminal 6) near ground, 
thus markedly reducing the dissipation by reducing the sup¬ 
ply current to the device. 

The CA3140 stage serves as a XI00 gain stage to provide 
the required plus and minus output swing for the meter and 
feedback network. A 100-to-1 voltage divider network con¬ 
sisting of a 9.9kG resistor in series with a lOOQ resistor sets 
the voltage at the 10GQ resistor (in series with Terminal 3) to 
±30mV full-scale deflection. This 30mV signal results from 
±3V appearing at the top of the voltage divider network 
which also drives the meter circuitry. 

By utilizing a switching technique in the meter circuit and in 
the 9.9kQ and 100Q network similar to that used in voltmeter 
circuit shown in Figure 23, a current range of 3pA to InA full 
scale can be handled with the single 10GQ resistor. 
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ICA3140>-(® J 


■=■ 0.1nF 
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FIGURE 26. CURRENT-TO-VOLTAGE CONVERTER TO PROVIDE A PICOAMMETER WITH ±3pA FULL SCALE DEFLECTION 
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(B) SAMPLE AND HOLD WAVEFORM 

Top Trace: Sampled Output 
Center Trace: Input Signal 
Bottom Trace: Sampling Pulses 


SAMPLED 

OUTPUT 

OV- 


SAMPUNG 

PULSE 



(C) SAMPLE AND HOLD WAVEFORM 

Top Trace: Sampled Output 
Center Trace: Input 
Bottom Trace: Sampling Pulses 


FIGURE 27. SINGLE SUPPLY SAMPLE AND HOLD SYSTEM, INPUT OV TO 10V 
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Single Supply Sample-and-Hold System 

Figure 27 shows a single-supply sample-and-hold system 
using a CA5160 to provide a high input impedance and an 
input-voltage range of OV to 10V. The output from the input 
buffer integrator network is coupled to a CA3080A. The 
CA3080A functions as a strobeable current source for the 
CA3140 output Integrator and storage capacitor. The 
CA3140 was chosen because of its low output impedance 
and constant gain-bandwidth product. Pulse “droop” during 
the hold interval can be reduced to zero by adjusting the 
lOOkn bias-voltage potentiometer on the positive input of 
the CA3140. This zero adjustment sets the CA3080A output 
voltage at its zero current position. In this sample-and-hold 
circuit it is essential that the amplifier bias current be 
reduced to zero to minimize output signal current during the 
hold mode. Even with 320mV at the amplifier bias circuit ter¬ 
minal (5) at least ±100pA of output current will be available. 

Wien Bridge Oscillator 

A simple, single-supply Wien Bridge oscillator using a 
CA5160 is shown In Figure 28. A pair of parallel-connected 
1N914 diodes comprise the gain-setting network which stan¬ 
dardizes the output voltage at approximately 1.1V. The 500Q 
potentiometer is adjusted so that the oscillator will always 
start and the oscillation will be maintained, increasing the 
amplitude of the voltage may lower the threshold level for 
starting and for sustaining the oscillation, but will introduce 
more distortion. 



FIGURE 28. SINGLE-SUPPLY WEIN BRIDGE OSCILLATOR 

Operation with Output-Stage Power-Booster 

The current sourcing and sinking capability of the CA5160 
output stage is easily supplemented to provide power-boost 
capability. In the circuit of Figure 29, three CMOS transistor- 
pairs in a single CA3600 1C array are shown parallel-con¬ 
nected with the output stage In the CA5160. In the Class A 
mode of CA3600E shown, a typical device consumes 20mA 
of supply current at 15V operation. This arrangement boosts 
the current-handling capability of the CAS 160 output stage 
by about 2.5X. 

The amplifier circuit In Figure 29 employs feedback to estab¬ 
lish a closed-loop gain of 20dB. The typical large-signal- 
bandwidth (-3dB) is 190kHz. 
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*SEE RLE NUMBER 619 


FIGURE 29. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA5160. 
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CA5260 


March 1993 


BiMOS Microprocessor Operational Amplifiers 
with MOSFET Input/CMOS Output 


Features 

• MOSFET Input Stage provides 

- Very High Z,»1.5TQ(1^x10^*£l)TVp. 

- Very Low l| = 5pA Typ. at 15V Operation 

= 2pA Typ. at 5V Operation 

• Ideal for Single Supply Applications 

• Common Mode Input Voltage Range Includes Nega¬ 
tive Supply Rail; Input Terminals Can be Swung 0.5V 
Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 

• CA5260A, CA5260 Have Full Military Temperature 
Range Guaranteed Specifications for V-i- = 5V 

• CA5260A, CA5260 are Guaranteed to Operate Down to 
4.5V for Aol 

• Fully guaranteed to operate from -55®C to +125®C at 
V+ = 5V, V- = Gnd 

Applications 

• Ground Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long Duration Timers/Monostables 

• Ideal Interface with Digital CMOS 

• High Input Impedance Wideband Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply D/A 
Converter) 

• Voltage Regulators (Permits Control of Output Voltage 
Down to Zero Volts) 

• Wien Bridge Oscillators 

• Voltage Controlled Oscillators 

• Photo Diode Sensor Amplifiers 

• 5V Logic Systems 

• Microprocessor Interface 


Description 

The CA5260A and CA5260 are integrated-circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. The CA5260 series 
circuits are dual versions of the popular CA5160 series. 
They are designed and guaranteed to operate in 
microprocessor or logic systems that use +5V supplies. 

Gate-protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very-high-input 
impedance, very-low-input current, and exceptional speed 
performance. The use of PMOS field-effect transistors In the 
input stage results in common-mode input-voltage capability 
down to 0.5V below the negative-supply terminal, an 
important attribute in single-supply applications. 

A complementary-symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within lOmV of 
either supply-voltage terminal (at very high values of load 
impedance). Is employed as the output circuit. 

The CA5260 Series circuits operate at supply voltages 
ranging from 4.5V to 16V, or ±2.25V to ± 8 V when using split 
supplies. 

The CA5260A, CA5260 have guaranteed specifications for 
5V operation over the full military temperature range of 
-55°C to +125°C. 

Ordering Information 


PART 

NUMBER 

CA5260AE 
CA5260AM 
CA5260AM96 
CA5260AT 
CA5260E 
CA5260M 
CA5260M96 
CA5260T 
* Denotes Tape i 


TEMPERATURE 

RANGE 

-55°C to +125°C 
-55°C to +125°C 
-55^C to +125°C 
-55°C to +125°C 
-55°C to -h125°C 
-55^C to +^25°C 
-55°C to +125°C 


PACKAGE 

8 Lead Plastic DIP 
8 Lead SOIC 
8 Lead SOIC* 

8 Pin TO-5 Can 
8 Lead Plastic DIP 
8 Lead SOIC 
8 Lead SOIC* 


-55°C to +125°C 8 Pin TO-5 Can 


Pinouts 


CA5260 (PDIP, SOIC) 
TOP VIEW 


OUTPUT (A) 


INV. INPUT (A) 


NON INV. INPUT (A) 



OUTPUT (B) 


INV. INPUT (B) 


NON INV. INPUT (B) 


CA5260 (TO-5 STYLE CAN) 
TOP VIEW 


OUTPUT (A) m 

INV. INPUT (A) ( 2 )-^ 

NON INV. (7) 
INPUT (A) ^ 


r?) OUTPUT (B) 


m INV. INPUT (B) 


(7) NON INV. 
^ INPUT (B) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 - 
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Specifications CA5260, CA5260A 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage (Between V+ and V Terminals).16V Operating Temperature Range (All Types).-55°C to +125°C 

Differential Input Voltage.8V Storage Temperature Range (All Types).-65°C to +150®C 

Input Voltage.(V+ +8 V) to (V- -0.5 V) 

Input Current.1mA 

Output Short Circuit Duration (Note 1).Indefinite 

Junction Temperature.-»-175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated In the operational sections of this specification is not implied. 


Unless Otherwise Specified 


PARAMETERS 


Input Resistance 


Input Capacitance 


Unity Gain Crossover Frequency 


Slew Rate 


Transient Response 
Rise Time 


Overshoot 


Settling Time (To <0.1%, Vi^ = 4Vp.p) 


SYMBOL 


R| 


C 


TEST CONDITIONS 



Cl = 25pF, Rl = 2kn 
(Voltage Follower) 


5V, V- = OV, Ta 

= +25°C, 

TYPICAL VALUES 

CA5260A 

CA5260 

1.5 

1.5 

4.3 

4.3 

3 

3 

5 

5 

0.09 

0.09 

10 

10 

1.8 

1.8 




TEST 

CONDITIONS 


Vo = 2.5V 


Vo = 2.5V 


Vo = 2.5V 


CMRR VcM = 0to1V 
VcM = 0 to 2.5V 


Electrical Specifications Ta = + 25 °c, v+ = 5V, v- = ov 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Common Mode Rejection Ratio 


Common Mode Input Voltage 
Range 


Power Supply Rejection Ratio 


Large Signal Voltage Gain 
(Note 2) 


Source Current 


Sink Current 




MAX I UNITS 


15 


mV 


pA 


pA 


dB 


dB 


V 


V 


dB 


dB 


dB 


mA 


mA 
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Specifications CA5260, CA5260A 


Electrical Specifications Ta = +25°c, v+ = sv, v- = ov (Continued) 



Supply Current 


NOTES: 

1. Short circuit may be applied to ground or to either supply. 

2. For V+ = 4.5V and V- = GND; Vqut = 0.5V to 3.2V at R,, = 10kn. 

Electrical Specifications Ta = -55°c to + 1 25°c, v+ = 5V, v- = ov 


TEST 

PARAMETERS SYMBOL CONDITIONS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Common Mode Rejection Ratio CMRR 


Common Mode Input Voltage | V|cr+ 
Range 


Power Supply Rejection Ratio PSRR 


Large Signal Voltage Gain 
(Note 2) 


Source Current 


Sink Current 


Output Voltage 



VoM+ I Rl = 2kO 


•supply I Vq = ov 



Supply Current 


NOTES: 

1. Short circuit may be applied to ground or to either supply. 

2. For V+ = 4.5V and V- = GND; Vqut = 0.5V to 3.2V at Rl = lOkD. 


0 

0.01 

1.65 

2.2 

1.95 

2.35 



0 

0.01 

1.65 

2.2 

1.95 

2.35 
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SEMICONDUCTOR 


CA5420 


March 1993 


Features 

• CA5420A, CA5420 at 5V Supply Voltage with Full 
Military Temperature Range Guaranteed 
Specifications 

• CA5420A, CA5420 Guaranteed to Operate from ±1V to 
±10V Suppiies 

• 2V Suppiy at 300^A Suppiy Current 

• IpA (Typ.) Input Current (Essentially Constant to 
85 ®C) 

• Rail-to-Rail Output Swing (Drive ±2mA Into Load) 

• Pin Compatible with 741 Op Amp 

Applications 

• pH Probe Ampiifiers 

• Picoammeters 

• Electrometer (High Z) Instruments 

• Portable Equipment 

• Inaccessible Field Equipment 

• Battery Dependent Equipment (Medical and Military) 

• 5V Logic Systems 

• Microprocessor Interface 

Ordering Information 


PART 

NUMBER 

CA5420AE 

CA5420AM 

CA5420AT 

CA5420E 

CA5420M 

CA5420T 


TEMPERATURE 

RANGE 

-55^0 to 4-125^C 
-55°C to +125°C 
-55°C to +125°C 
-55*=>C to +125*^C 
-55*^C to •f125°C 
-55°C to +125°C 


PACKAGE 

8 Lead Plastic DIP 
8 Lead SOIC 

8 Pin Can _ 

8 Lead Plastic DIP 
8 Lead SOIC 
8 Pin Can 


Low Supply Voltage, Low Input Current 
BiMOS Operational Amplifier 


Description 

The CA5420A and CA5420* are integrated circuit 
operational amplifiers that combine PMOS transistors and 
bipolar transistors on a single monolithic chip. They are 
designed and guaranteed to operate in microprocessor logic 
systems that use V+ = 5V, V- = Gnd, since they can operate 
down to ±1V supplies. They will also be suitable for 3.3V 
logic systems. 

The CA5420A and CA5420 BiMOS operational amplifiers 
feature gate-protected PMOS transistors In the input circuit 
to provide very high Input impedance, very low input currents 
(less than IpA). The internal bootstrapping network features 
a unique guardbanding technique for reducing the doubling 
of leakage current for every 10 °C increase in temperature. 
The CA5420 series operates at total supply voltages from 
2V to 20V either single or dual supply. These operational 
amplifiers are internally phase compensated to achieve 
stable operation in the unity gain follower configuration. 
Additionally, they have access terminals for a supplementary 
external capacitor if additional frequency roll-off is desired. 
Terminals are also provided for use in applications requiring 
input offset voltage nulling. The use of PMOS in the input 
stage results in common-mode input voltage capability down 
to 0.45V below the negative supply terminal, an important 
attribute for single supply application. The output stage uses 
a feedback OTA type amplifier that can swing essentially 
from rail-to-rail. The output driving current of 1.0mA (min) is 
provided by using nonlinear current mirrors. 

These devices have guaranteed specifications for 5V opera¬ 
tion over the full military temperature range of -55°C to 
+125°C. 

The CA5420 series has the same 8 lead pinout used for the 
Industry standard 741. 

* Formerly Dev. Type No. TA1 0841 



Pinouts 


CA5420 
(PDIP, SOIC) 
TOP VIEW 


NON-INV.fT 
INPUT ^ 



"""nulls 


CA5420 
(TO-5 CAN) 

TOP VIEW 

^STROBE 


11 OUTPUT input 
71 offset N0N-INV.{3) 


NOTE: Pin 4 is connected to Case. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 ^ 
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Specifications CA5420, CA5420A 


Absolute Maximum Ratings 

Supply Voltage (Between V+ and V- Terminals).22V 


Differential Input Voltage..15V 

Input Voltage.(V+ + 8V) to (V- -0.5V) 

Input Current... 1mA 

Output Short Circuit Duration (Note 1).Indefinite 

Junction Temperature. +175°C 

Junction Temperature (Plastic Package). +150°C 

Lead Temperature (Soldering 10 Sec.).+300®C 


Operating Conditions 


operating Temperature Range (All Types).-55°C to +125°C 

Storage Temperature Range (All Types).-65°C to +150°C 


CAUTION: Stresses sdiove those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectricai Specifications Typical values intended Only for Design Guidance. V+ = +5V; V- = Gnd, T^ = +25°C 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

CA5420A 

CA5420 

UNITS 

Input Resistance 

Ri 


150 

150 

TQ 

Input Capacitance 

c, 


4.9 

4.9 

PF 

Output Resistance 

Ro 


300 

300 

n 

Equivalent Input 

Noise Voltage 

Sn 

f=1kHz 

Rs = 100O 

62 

62 

nV/VHz 

f= 10kHz 

38 

38 

nV/VHz 

Short-Circuit Current 

Source 

•oM+ 


2.6 

2.6 

mA 

To Opposite Supply 

Sink 

•OM" 


■1 

m 

mA 

Gain Bandwidth Product 

h 


0.5 

0.5 

MHz 

Slew Rate 

SR 


0.5 

0.5 

V/ps 

Transient Response 

Rise Time 

tR 

RL = 2kn, Cl= lOOpF 

0.7 

0.7 

ps 

Overshoot 

OS 

15 

15 

% 

Current from Terminal 8 

To V- 



20 

20 

pA 

Current from Terminal 8 

ToV+ 



2 

2 

mA 

Settling Time 

0.01% 

Av= 1 

2Vp.p Input 

8 

8 

ps 

0.10% 

Av = 1 

2Vp.p Input 

4.5 

4.5 

ps 


NOTE: 

1. Short circuit may be applied to ground or to either supply. 






































































































Specifications CA5420, CA5420A 


Electrical Specifications Ta = +25^C, v-f = 5V, V- = O. unless otherwise Specified 


CA5420A CA5420 

TEST -,--1-1- 

SYMBOL CONDITtONS MIN TYP MAX MIN TYP MAX UNITS 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Common Mode Rejection Ratio CMRR Vc^ = 0 to 3.7V, 75 

Vo = 2.5V 


Common Mode Input Voltage V|cr + 
Range 


Power Supply Rejection Ratio PSRR AV+ = 1V; 

AV-=1V 



Supply Current 



0.1 

0.15 

400 

500 

430 

550 



400 

500 

|iA 

430 

550 

pA 
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Specifications CA5420, CA5420A 



Electrical Specifications -55X to +125°C, V+ ^ 5V, V- = O, Unless otherwise Specified 
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Specifications CA5420, CA5420A 


Electrical Specifications For Equipment Design at V+ = 1V, V- = -1 V, Ta = 25®C, Unless Otherwise Specified 


TEST 

PARAMETERS SYMBOL CONDITIONS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Large Signal Voltage Gain Aql Rl = 


Common Mode Rejection Ratio CMRR 


Common Mode Input Voltage I V|CR + 
Range 


Power Supply Rejection Ratio PSRR 


Maximum Output Voltage 


Supply Current 


Device Dissipation 


Input Offset Voltage Temp. Drift AV|o/AT 



Electrical Specifications For Equipment Design at V+ = 10V, V- = -10V, Ta = 25°C, Unless Otherwise Specified 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Common Mode Input Voltage 
Range 


Power Supply Rejection Ratio 


Maximum Output Voltage 


Supply Current 


Device Dissipation 


Input Offset Voltage Temp. Drift 



1. The maximum limit represents the levels obtainable on high-speed automatic test equipment. 
Typical values are obtained under laboratory conditions. 
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CA5420, CA5420A 


Typical Performance Curves 


Ta«+25®C 
0.8 RuslOOka 


§1 0.2 

0 

il 

b<3 -0.2 


O ^ 

•sE -0.8 
. 1.0 


5 10 

SUPPLY VOLTAGE (V) 


Ta-+25°C 

V-bOV 


V+S+2V • 
V+s+IOV 


FIGURE 1. OUTPUT VOLTAGE SWING AND COMMON MODE 
INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 


100 V+a+20V 

si I I 


0.001 0.1 1 10 
LOAD (SOURCING) CURRENT (mA) 

FIGURE 2. OUTPUT VOLTAGE VS LOAD SOURCING CURRENT 




LOAD (SINKING) CURRENT (mA) 

FIGURE 3. OUTPUT VOLTAGE vs LOAD SINKING CURRENT 


OUTPUT VOLTAGE (V) 

FIGURE 4. SUPPLY CURRENT vs OUTPUT VOLTAGE 


Ta = +25®C 
^ V+«5V 

b V-sGND 

1. 3.75 RlTOGND 


Ta = +25®C 
700 V+ = 5V 



0 1 10 100 1000 
LOAD RESISTANCE (kO) 

FIGURE 5. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 


25 35 45 55 65 75 85 95 105 115 1 25 

TEMPERATURE (®C) 

FIGURE 6. INPUT BIAS CURRENT DRIFT (AIb/AT) 
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Application Circuits 

Picoammeter Circuit 

The exceptionally low input current (typically 0 . 2 pA) makes 
the CA5420 highly suited for use In a picoammeter circuit. 
With only a single 1 0GQ resistor, this circuit covers the range 
from ±1.5pA. Higher current ranges are possible with suitable 
switching techniques and current scaling resistors. Input tran¬ 
sient protection is provided by the 1 MQ resistor in series with 
the input. Higher current ranges require that this resistor be 
reduced. The lOMii resistor connected to pin 2 of the 
CA5420 decouples the potentially high input capacitance 
often associated with lower current circuits and reduces the 
tendency for the circuit to oscillate under these conditions. 


High Input Resistance Voltmeter 

Advantage is taken of the high input impedance of the CA5420 
in a high Input resistance DC voltmeter. Only two 1.5V “AA” 
type penlite batteries power this exceedingly high-input resis¬ 
tance (>1.000,000MD) DC voltmeter. Full-scale deflection is 
±500mV, ±150mV, and ±15mV. Higher voltage ranges are eas¬ 
ily added with external input voltage attenuator networks. 

The meter is placed in series with the gain network, thus 
eliminating the meter temperature coefficient error term. 

Supply current in the standby position with the meter 
undetected is 300|j.A. At full-scale deflection this current 
rises to 800pA. Carbon-zinc battery life should be in excess 
of 1,000 hours. 


1MO 10M£2 


|CA5420^>-(6J 


50(M>^00 

-®—I-1 

iSOpA 1.5kO^ 


±50pA I 1.5koJ 

battery 

Y RETURNS 

10kn.V 

r—^ J- ®—I 

»— ■=■ >4300 

I -i-O ±5pA <1% 

.1.SV Lo—^O—* 

>1500 

±1.5pAT 


22MO 10MO 


500-0-500 


|CA5420>-(6> 


O ±50 0m V I i.5k04 

BATTERY? 1 

RETURNS >3^“^ 

_0 ±150mVTi’^ 

0 —t UcO^ 
■=■ >4300 

>-o ±50mV>1% 

-1.5 V o—i 

- >1500 

±15mV 


FIGURE 6. PICOAMMETER CIRCUIT 


FIGURE 7. HIGH INPUT RESISTANCE VOLTMETER 
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Quad Microprocessor BiMOS-E Operational 
Amplifiers with MOSFET Input/Bipolar Output 


Features 

• High Speed CMOS Input Stage Provides 

- Very High Zl.5TO(5x lO^^^^Typ. 

- Very Low l|.0.5pA (Typ) at 5V Operation 

- Very Low l|o.0.5pA (Typ) at 5V Operation 

• ESD Protection to 2000V 

• 3V to 16V Power Supply Operation 

• Fully Guaranteed Specifications Over Full Military 
Range 

• Wide BW (14MHz); High SR (5V/^s) at 5V Supply 

• Wide V|CR Range From -0.5V to 3.7V (Typ) at 5V Supply 

• Ideally Suited for CMOS and HCMOS Applications 

Applications 

• Bar Code Readers 

• Photodiode Amplifiers (IR) 

• Microprocessor Buffering 

• Ground Reference Single Supply Amplifiers 

• Fast Sample and Hold 

• Timers 

• Voltage Controlled Oscillators 

• Voltage Followers 

• V to I Converters 

• Peak Detectors 

• Precision Rectifiers 

• 5V Logic Systems 

• 3V Logic Systems 


Description 

The CA5470 series are integrated circuit operational amplifi¬ 
ers that combine the advantages of both high speed CMOS 
and bipolar transistors on a single monolithic chip. They are 
constructed in the BiMOS-E process which adds drain- 
extension implants to 3pm polygate CMOS, enhancing both 
the voltage capability and providing vertical bipolar transis¬ 
tors for broadband analog/digitai functions. This process 
lends itself easily to high speed operational amplifiers, 
comparators, analog switches and interface peripherals, 
resulting In twice the speed of the conventional CMOS 
transistors having similar feature size. 

BiMOS-E are broadbased bipolar transistors that have high 
transconductance, gains more constant with current level, 
stable “precision” base-emitter offset voltages and superior 
drive capability. Excellent interface with environmental 
potentials enable use in 5V logic systems and future 3.3V 
logic systems. 

ESD capability exceeds the standard 2000V level. The 
CA5470 series can operate with single supply voltages from 
3V to 16V or ±1.5V to ±8V. They have guaranteed specifica¬ 
tions at both 5V and ±7.5V at room temperature as well as 
over the full -55°C to +125°C military range. 

Ordering Information 


PART 

NUMBER 


CA5470M96 


TEMPERATURE 

RANGE 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


14 Lead Plastic DIP 
14 Lead SOIC 
14 Lead SOIC* 


• Denotes Tape and Reel 


Pinout 


CA5470 (PDIP, SOIC) 
TOP VIEW 


NEC. INPUT 1 


POS. INPUT 1 


POS. INPUT 2 


NEG. INPUT 2 



NEG. INPUT 4 


POS. INPUT 4 


POS. INPUTS 


NEG. INPUTS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA5470 


Absolute Maximum Ratings 


Operating Conditions 


DC Supply Voltage (Between V*^ And V Terminals).16V 

Operating Temperature Range (All Types) ... 

. ...-55°Cto+125°C 

Differential Input Voltage. 

.8V 

Storage Temperature Range (All Types). 

. ...-65°Cto+150°C 

Input Voltage... 

.(V++8 V)to(\7 -0.5V) 



Input Current. 




Power Dissipation: 




Without Heat Sink 




Up To +55°C. 

. 630mW 



Above +55°C. 

. Derate Linearly 6.67 mW/°C 



With Heatsink 




Up To +90°C. 

.1W 



Above +90°C. 

.Derate Linearly 16.7 mW/°C 



Small Outline Package 




UpTo+65°C. 

. 500mW 



Above+65°C. 

.. Derate Linearly 5.9 mW/°C 



Output Short Circuit Duration (Note 1) 




Junction Temperature. 

. +175°C 



Junction Temperature (Plastic Package).+150®C 



Lead Temperature (Soldering 10 Sec) 

. +300°C 



CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications typical values intended Only for Design Guidance. V+ = 5V, V- = OV, \ = +25°C, Unless Otherwise Specified 


SYMBOL 


Ri 


c 


PARAMETERS 


Input Resistance 


Input Capacitance 


Unity Gain Crossover Frequency 


Slew Rate 


Transient Response: 
Rise Time/Fall Time 


Overshoot 


Settling Time (To <0.1%, V|n = 4Vp.p) 


Full Power BW (Vqut = 3.65Vp.p) SR = 5V/ps 


Electrical Specifications Ta = +25°c, v+ = 5V, v- = gnd 


TEST CONDITIONS 


TYPICAL VALUES 











SYMBOL 


IV,ol 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Common Mode Input Range 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Positive Output Voltage Swing 


Negative Output Voltage Swing 


Total Supply Current 


Unity Gain Bandwidth Product 


Slew Rate 


Output Current 

Source to opposite supply 


Sink to opposite supply 


Open Loop Gain 


NOTE: 

1. Short circuit may be applied to ground or to either supply. 

2. This is the lowest value that can be tested reliably. Almost all devices will be <10pA. 


0.5V to 3.5V, RL=10kii 
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Specifications CA5470 


Electrical Specifications Ta = -55°c to +1 25°c, v+ = 5V, v- = gnd 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Common Mode Input Range 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Positive Output Voltage Swing 


Negative Output Voltage Swing 


Total Supply Current 


Unity Gain Bandwidth Product 


Slew Rate 


Output Current 

Source to opposite supply 


Sink to opposite supply 


Open Loop Gain 


Eiectrical Specifications Ta = +25°c, v+ = 7.5V, v- = - 7.5 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Common Mode Input Range 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Positive Output Voltage Swing 



Negative Output Voltage Swing 


Total Supply Current 


Unity Gain Bandwidth Product 


Slew Rate 


Output Current 

Source to opposite supply 


Sink to opposite supply 


Open Loop Gain 


NOTE: 

1. This is the lowest value that can be tested reliably. Almost all devices will be <10pA. 


mA 


dB 




-5Vto+5V, RL = 10kf2 
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Specifications CA5470 


Electrical Specifications Ta = - 55 °c to +i 25 °c, v+ = 7.5V, v- = - 7.5 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Input Current 


Common Mode Input Range 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Positive Output Voltage Swing 


Negative Output Voltage Swing 


Total Supply Current 


Unity Gain Bandwidth Product 


Slew Rate 


Output Current 

Source to opposite supply 


Sink to opposite supply 


Open Loop Gain 



Metallization Mask Layout 


Dimensions in parentheses are in millimeters and derived 
from the basic inch dimensions as indicated. Grid gradua¬ 
tions are In mils (10"® Inch). 

The layout represents a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage angles are 
57® Instead of 90® with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 


0 10 20 30 40 50 60 69.7 


iinsopss i 

60 - 




fi vnflnrinnnfFt’l 972 

^| Baai^ 5F| (^ 46 ) 
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CA5470 



Typical Performance Curve 


iBmiliiiiiii 


■iiiiiiiiiiiiii 


ikiiiiiiiiiiiiiii 


isiiiiiiiiiiiiiiiiiiiiiii 


FIGURE 1. MAXIMUM OUTPUT VOLTAGE SWING vs FREQUENCY 
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HA-2400, HA-2404 

HA-2405 

PRAM Four Channel 
Programmable Amplifiers 


Features 

• Programmability 

• High Rate Slew.SOV/^s 

• Wide Gain Bandwidth.40MHz 

• High Gain.150kV/V 

• Low Offset Current.5nA 

• High Input Impedance.30MQ 

• Single Capacitor Compensation 

• DTUTTL Compatible Inputs 

Applications 

• Thousands of Applications; Program 

- Signal Selection/Multiplexing 

- Operational Amplifier Gain 

- Oscillator Frequency 

- Filter Characteristics 

- Add-Subtract Functions 

- Integrator Characteristics 

- Comparator Levels 

• For Further Design Ideas, See App. Note 514. 

Ordering Information 


PART NUMBER 


TEMP. RANGE _ PACKAGE 

-55°C to +125°C 16 Lead Ceramic DIP 


HA4P2405-5 


-25°C to +85°C 
0°C to +75°C 
0°C to +75°C 
0°C to +75®C 


16 Lead Ceramic DIP 
16 Lead Ceramic DIP 


16 Lead Plastic DIP 
20 Lead PLCC 


Description 

HA-2400/04/05 comprise a series of four-channel 
programmable amplifiers providing a level of versatility 
unsurpassed by any other monolithic operational amplifier. 
Versatility is achieved by employing four input amplifier 
channels, any one (or none) of which may be electronically 
selected and connected to a single output stage through 
DTL/TTL compatible address Inputs. The device formed by 
the output and the selected pair of inputs is an op amp which 
delivers excellent slew rate, gain bandwidth and power 
bandwidth performance. Other advantageous features for 
these dielectrically isolated amplifiers include high voltage 
gain and input impedance coupled with low Input offset 
voltage and offset current. External compensation is not 
required on this device at closed loop gains greater than 10. 

Each channel of the HA-2400/04/05 can be controlled and 
operated with suitable feedback networks in any of the 
standard op amp configurations. This specialization makes 
these amplifiers excellent components for multiplexing signal 
selection and mathematical function designs. With 30V/ps 
slew rate. 40MHz gain bandwidth and 30MQ input 
impedance these devices are ideal building blocks for signal 
generators, active filters and data acquisition designs. 
Programmability, coupled with 4mV typical offset voltage and 
5nA offset current, makes these amplifiers outstanding 
components for signal conditioning circuits. 


Pinouts 


+iN3rn± 


HA-2400/04 (CDIP) 
HA-2405 (CDIP.PDIP) 
TOP VIEW 


■flN4 3 



TRUTH TABLE 

SELECTED 
Do EN CHANNEL 


HA-2405 (PLCC) 
TOP VIEW 


|3| |2| 1111201 1191 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2400, HA-2404, HA-2405 


Absolute Maximum Ratings Operating Conditions 

Voltage Between V+ and V- Terminals.45.0V Operating Temperature Range 

Differential Input Voltage. Vsupply HA-2400"2.-55°C T^ ^ +125°C 

Digital Input Voltage.-0.76V to +10.0V HA-2404-4.-25°C < T^ ^ +85°C 

Output Current.Short Circuit Protected, Isc <±33mA) HA-2405-5.0®C < T;^ ^ +75®C 

Internal Power Dissipation (Note 13) Storage Temperature Range.-65°C ^ T^^ < +150°C 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package). -h150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of V)e device at these or any other conditions above those indicated in the qperationai sections of this specification is not implied. 


Electrical Specifications Test Conditions*. Vsupply = ^'^SV, unless otherwise Specified. Digital Inputs: V|l = +0.5V, V|h = +2.4. 
Limits apply to each of the four channels, when addressed. 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 


Bias Current (Note 12) 


Offset Current (Note 12) 


input Resistance (Note 12) 


Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 1,5) 


Common Mode Rejection Ratio (Note 2) 


Gain Bandwidth (Notes 3,14) 


Gain Bandwidth (Notes 4,14) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 1) 


Output Current 


Full Power Bandwidth (Notes 3,5,15) 


Full Power Bandwidth (Notes 4,5,15) 


TRANSIENT RESPONSE (Note 16) 


Rise Time (Notes 4, 6) 


Overshoot (Notes 4,6) 




±10.0 

±12.0 

10 

20 

640 

950 

200 

250 


Slew Rate (Notes 3,7) 

+25°C 

Slew Rate (Notes 4,7,14) 

+25°C 

Settling Time (Notes 4,7,8,14) 

+25°C 

CHANNEL SELECT CHARACTERISTICS 

Digital Input Current (V|n = OV) 

Full 

Digital Input Current (V|n = +5.0V) 

Full 

Output Delay (Notes 9,14) 

+25°C 

Crosstalk (Note 10) 

+25°C 
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Specifications HA-2400, HA-2404, HA-2405 


Electrical Specifications Test Conditions: Vsupply = ±15V, Unless otherwise Specified. Digital Inputs: V,l = +0.5V, V,h = +2.4. 
Limits apply to each of the four channels, when addressed. (Continued) 



HA-2400/04 LIMITS 


MIN TYP MAX 


HA-2405 LIMITS 


MIN TYP MAX 



PARAMETER 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio (Note 11) 


NOTES: 

1. RL = 2kO 

2. VcM = ±5VDC 

3. Ay = +10, Cqomp ” “ 2kO, Cl = 50pF. 

4. Ay = +1, CcoMP “ ^ 5pF, Rl = 2kd, Cl = 50pF. 

5. VouT = 20V peak to peak. 

6. VouT = 200mV peak. 

7. Vqut = 10-OV peak to peak. 

8. To 0.1% of final value. 

9. To 10% of final value; output then slews at normal rate to final value 

10. Unselected Input to output; Vin = ±10VDC 

11 • Vsupply = ±1OVDC to ±20VDC 

12. Unselected channels have approximately the same input parameters. 

13. Maximum power dissipation including output load, must be designed to maintain the junction temperature below +175°C for the ceramic 
package, and below +150°C for the plastic packages. 

14. Guaranteed by design. 

15. Full Power Bandwidth based on slew rate measurement using: FPBW = -; Vp^^l^ = 5V 

16. See Figure 11 for test circuit. PEAK 


Schematic Diagram ha-24oo 





Sk i"’ 

—I 

1 IqsI^ VE Q28L 




10K> Q25 


Q34 Q103 I 


10201021 1 


5R7 I 

^5.6K - 
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-y Yr-- TX 086 

^37 


094 [0951. 



VB 

R8 i 

1 

► 

4K i 

► 

|R9 

[016 I 

1.5K 


R10> > <R16 


TO ADDITIONAL 
INPUT STAGES 


Diagram Includes: One Input Stage, Decode Control, Bias Network, and Output Stage 
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HA-2400, HA-2404, HA-2405 

















































INPUT NOISE (uV) 5 GAIN (dB) 


HA-2400, HA-2404, HA-2405 




FIGURE 11. SLEW RATE AND TRANSIENT RESPONSE 
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HA-2400, HA-2404, HA-2405 


Typical Applications 




FIGURE 12. HA-2400 AMPLIFIER, NONINVERTING 
PROGRAMMABLE GAIN 


Sample Charging Rate 


Hold Drift Rate = -^V/Sec 
Q 

Switch Pedestal Error = ^ Volts 

I, «150x10-®A 
I 2 « 200x10-®A at+25°C 
-600x10-®Aat-55°C 
»100x10®Aat+125°C 
Q»2x 10'^^ Coulomb 


FIGURE 13. HA-2400 SAMPLE AND HOLD 


For more examples, see Harris Application Note 514 
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SEMICONDUCTOR 


HA-2406 


March 1993 


Digitally Selectable Four Channel 
Operational Amplifier 


Features 

• TTL Compatible Inputs 

• Single Capacitor Compensation 

• Low Crosstalk.-IIOdB 

• High Slew Rate.20V/ns 

• Low Offset Current.5nA 

• Offset Voltage.7mV 

• High Gain-Bandwidth.30MHz 

• High Input Impedance.30MO 

Applications 

• Digital Control Of: 

- Analog Signal Multiplexing 

- Op Amp Gains 

- Oscillator Frequencies 

- Filter Characteristics 

- Comparator Levels 

• For Further Design Ideas See Application Note 514 


Ordering Information 

I PART NUMBER I TEMP. RANGE 


HA9P2406-5 

HA9P2406-9 


0°C to +75°C 16 Lead Ceramic DIP 

0°C to +75°C 16 Lead Plastic DIP 

0°C to +75°C 16 Lead Wide Body SOIC 

-40°C to +85°C 16 Lead Wide Body SOIC 


Description 

The HA-2406 is a monolithic device consisting of four op 
amp input stages that can be individually connected to one 
output stage by decoding two TTL lines into four channel 
select signals. In addition to allowing each channel to be 
addressed, an enable control disconnects ail input stages 
from the output stage when asserted low. 

Each input-output combination of the HA-2406 is designed 
to be a 20V/ps, 30MHz gain-bandwidth amplifier that is 
stable at a gain of ten. By connecting one external 15pF 
capacitor all amplifiers are compensated for unity gain 
operation. The compensation lead may also be used to limit 
the output swing to TTL levels through suitable clamping 
diodes and divider networks (see Application Note 514). 

Dielectric isolation and short-circuit protected output stages 
contribute to the quality and durability of the HA-2406. 
When used as a simple amplifier, its dynamic performance 
is very good and when its added versatility is considered, 
the HA-2406 is unmatched in the analog world. It can. 
replace a number of individual components in analog signal 
conditioning circuits for digital signal processing systems. 
Its advantages include saving board space and reducing 
power supply requirements. 


Pinout 


HA-2406 

(PDIP, CDIP, 300 mil SOIC) 
TOP ViEW 



TRUTH TABLE 

SELECTED 
Do EN CHANNEL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 o ooi 
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Specifications HA-2406 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage Between V+ and V- Terminals.45.0V Operating Temperature Range: 


Differential Input Voltage..... ^supply 

Output Current.Short Circuit Protected (Isc < ±33mA) 


HA-2406-5.0®C Ta +75®C 

HA-2406-9.-40°C ^ Ta ^ +86°C 


Junction Temperature.+175°C Storage Temperature Range.-65°C ^ Ta ^ +150°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions: Vsupply ~ 15.0V, Unless Otherwise Specified. Digital Inputs: V|l = +0.5V, V|h = +2.4V. 
Limits apply to each of the four channels, when addressed. 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 


Bias Current (Note 12) 


Offset Current (Note 12) 


Input Resistance (Note 12) 


Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 1,5) 


Common Mode Rejection Ratio (Note 2) 


Gain Bandwidth (Note 3,15) 


Gain Bandwidth (Note 4,15) 


OUTPUT CHARACTERISTICS 


TRANSIENT RESPONSE (Note 16) 


Rise Time (Notes 4,6) 


Overshoot (Notes 4,6) 


Slew Rate (Notes 3,7,15) 


Slew Rate (Notes 4,7) 


Settling Time (Notes 4,7,8,15) 


CHANNEL SELECT CHARACTERISTICS 


Digital Input Current (V|n = OV) 


Digital Input Current (Vjn = +5.0V) 


Output Delay (Note 9,15) 


Crosstalk (Note 10) 


TEMPERATURE 


HA-2406-5,-9 LIMITS 



Output Voltage Swing (Note 1) 

Full 

±10.0 

±12.0 

Output Current (Note 13) 

+25°C 

10 

15 

Full Power Bandwidth (Notes 3,5,14,15) 

+25®C 

240 

320 

Full Power Bandwidth (Notes 4,5,14) 

+25°C 

64 

95 



kV/V 


dB 










































































































































Specifications HA-2406 


Electrical Specifications Test Conditions: Vsupply = 15.0V, Uniess Othenvise Specified. Digitai Inputs: Vu. = +0.5V, V|h = +2.4V. 
Limits apply to each of the four channels, when addressed. (Continued) 




HA-2406-5, -9 LIMITS 

■■■ 

PARAMETER 

TEMPERATURE 

MIN 

TYP 

MAX 

UNITS 1 

POWER SUPPLY CHARACTERISTICS 





■■■ 

Supply Current 

+25°C 

- 

4.8 

7.0 

mA 

Power Supply Rejection Ratio (Note 11) 

Full 

74 

90 

- 

dB 


NOTES: 

1. RL = 2kn. 

2. Vcm = ±5VDC. 

3. Ay = +10, Cqqi^p = 0, Rl = 2kO, — 50pF. 

4. Ay = +1, CoQiy/ip = 15pF, Rl = 2kO, Cl = 50pF. 

5. Vqut = 20V peak to peak. 

6. Vqut = 200mV peak to peak. 

7. Vqut = 10.0V peak to peak. 

8. To0.1%of final value. 

9. To 10% of final value; output then slews at normal rate to final value. 

10. Unselected Input to output; V|n = ±10VDC. 

11 • Vsupply = ±1OVDC to ±20VDC. 

12. Unselected channels have approximately the same input parameters. 

13. VouT = ±10V. 

14. Full power Bandwidth based on slew rate measurement using: FPBW 

15. Sample tested. 

16. See Figure 11 for test circuit. 


Slew Rate 

2lCVor- A ir 


Schematic Diagram 
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TO ADDITIONAL 
INPUT STAGES 


:R8 < mo> ^R11 ^ ^R16 ^R17 


DO 4 6di 


Diagram Includes: One Input Stage, Decode Control, Bias Network, and Output Stage 
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INPUT NOISE (^V) H GAIN (dB) 


HA-2406 


Typical Performance Curves (continued) 



0 25 50 75 

TEMPERATURE C*C) 

SURE 7. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 



FREQUENCY (Hz) 

FIGURE 8. OUTPUT VOLTAGE SWING vs FREQUENCY 




FIGURE 11. SLEW RATE AND TRANSIENT RESPONSE 
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HA-2406 


Typical Applications 


I DECODe I 

control! 



E/ —16h 

)L , 

? 5 ^ 

GND ^ 
COMP 


DIGITAL 

CONTROL IN 


DIGITAL 
I GROUND 



OUTPUT 

AMP 


-1SV 

I 




t4l—o ^ H 


GND hi]-1 

GROUND 



Sample Charging Rate = -^v/Sec 


Hold Drift Rate = -^v/Sec 

Q 

Switch Pedestal Error = ^ Volts 

Ii«150x10-®A 
l2» 200x10®Aat+25°C 
-600x10*®Aat-55°C 
«100x10®Aat+125°C 
Q-2 X 10*^2 Coulomb 


FIGURE 12. HA-2406 AMPLIFIER, NONINVERTING 
PROGRAMMABLE GAIN 


FIGURE 13. HA-2406 SAMPLE AND HOLD 


For more examples, see Harris Application Note 514 


2-286 






SEMICONDUCTOR 


HA-2444 
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Features 

• Digital Selection of Input Channel 

• Unity Gain Stability 

• Gain Flatness to 10MHz.0.1 dB 

• Differential Gain.0.03% 

• Differentiai Phase.0.03^ 

• Fast Channei Seiection.60ns 

• Crosstalk Rejection.60dB 

Applications 

• Video Multiplexer 

• Programmable Gain Amplifier 

• Special Effects Processors 

• Video Distribution Systems 

• Heads-up/Night Vision Displays 

• Medical Imaging Systems 

• Radar Video 

Ordering Information 


Selectable, Four Channel 
Video Operational Amplifier 


PART 

NUMBER 


TEMPERATURE 

RANGE PACKAGE 

0°C to +75°C 16 Lead Plastic DIP 

-40°C to +85®C 16 Lead Plastic DIP 


Description 

The HA-2444 is a channel-selectable video op amp 
consisting of four differential inputs, a single-ended output, 
and digital control circuitry allowing two digital inputs to 
activate one of the four differential Inputs. The HA-2444 also 
includes a high Impedance output state allowing the outputs 
of multiple HA-2444s to be wire-OR’d. Functionally, the 
HA-2444 is equivalent to four wideband video op amps and 
a wideband multiplexer. 

Unlike similar competitor devices, the HA-2444 is not 
restricted to multiplexing. Any op amp configuration can be 
used with any of the inputs. Signal amplification, addition, 
integration, and more can be put under digital control with 
broadcast quality performance. 

The key video parameters of the HA-2444 have been 
optimized without compromising dc performance. Gain 
Flatness to 10MHz is only 0.1 dB. Differential gain and phase 
are typically 0.03% and 0.03 degrees, respectively. Laser 
trimming allows offset voltages in the 4.0mV range and a 
unique common current source design assures minimal 
channel-to-channel mismatch, while maintaining 60dB of 
crosstalk rejection at 5MHz. Open loop gain of 76dB and low 
input offset and bias currents enhance the performance of 
this versatile device. 

For information about military grade devices, please refer to 
the HA-2444/883 data sheet. The HA-2444/883 devices are 
offered In Ceramic DIP and Ceramic Flatpack packages. 



HA9P2444-5 0°C to +75°C 16 Lead Wide Body SOIC 

HA9P2444-9 -40°C to +85°C 16 Lead Wide Body SOIC 


Pinout 


Logic Operation 


HA-2444 

(PDIP, SOOmil SOIC) 
TOP VIEW 


DECODE 

CONTROL 


ii 



TRUTH TABLE 


SELECTED 

D1 DO CHANNEL 




NONE-OUT is set to a high 
impedance state. 


L s Low State (0.8V Max.) 
H = High State (2.4V Min.) 
X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2444 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage Between V+ and V- Terminals.35V (±17.5V) Operating Temperature Range 

Differential Input Voltage.6V HA-2444-5.0°C ^ T/^ ^ +75°C 

Peak (Short Duration) Output Current.±40mA HA-2444-9.-40°C +85°C 

Junction Temperature.+175°C Storage Temperature Range.-65°C ^ T;^ ^ +150°C 

Junction Temperature (Plastic Package).+150°C Thermal Package Characteristics (®C/W) Gja Gjc 

Lead Temperature (Soldering 10 Sec.).+300°C Plastic DIP Package. 88 27 

SOIC Package. 96 26 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of die device at these or any other conditions above those indicated in the operadonai sections of this specification is not impiied. 


Electrical Specifications v+ * +15V, v- = -15V, Rl * ika Cl^ iopF, v,l = 
Specifications Apply to All Channels. 


INPUT CHARACTERISTICS 


Input Offset Voltage 


Average Input Offset Voltage Drift 


Channel to Channel Offset Voltage Mismatch 


Input Bias Current 


Average Input Bias Current Drift 


Input Offset Current 


Average Input Offset Current Drift 


Common Mode Range 


Differential Input Resistance (Note 16) 


Differential Input Capacitance 


Input Noise Voltage Density f = 


Input Noise Current Density f = 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


Common Mode Rejection Ratio (Note 4) 


Minimum Stable Gain 


Unity Gain Bandwidth (Notes 2, 5) 


Gain Bandwidth Product (Note 5) 


Phase Margin (Note 2) 


Gain Margin (Note 2) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Rl = 1 kQ) 


Output Voltage Swing (Rl = 75Q) (Note 16) 


Full Power Bandwidth (Note 6) 


Output Current (Note 17) 


Disabled Output Current (Note 18) 


Output Resistance 


TRANSIENT RESPONSE 


Rise Time (Notes 2,7) 


Overshoot (Notes 2,7) 


0.8V, ViH = 2.4V. Unless Otherwise Specified. 
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Specifications HA-2444 


Electrical Specifications v+ = -fisv, v- = -1 sv, = iko, ^ iopF, Vil= o.8v, V|h = 2.4V. unless otherwise specified. 
Specifications Apply to All Channels. (Continued) 


HA-2444-5.-9 


TEMP 

iiiiQQjim 

TYP 

Full 

120 

160 

+25°C 

- 

120 




0to+85°C 


-40 to 0°C 


Full 


Full 


Full 


Full 


Full 


Full 


Full 


+25°C 


60 

100 

80 

125 

40 

100 


PARAMETER 


Slew Rate (Notes 2,9) 


Settling Time to 0.1% of ±10V Output (Note 8) 


SWITCHING CHARACTERISTICS 


Channel Select Time (Note 10) 


Output Enable Time (Note 11) 


Digital Input Voltages V|h 


DO/DI Input Current (V|l = O.OV 

(V,h = 5.0V) 


Crosstalk Rejection (Note 12) 


VIDEO PARAMETERS 


Differential Phase (Note 14) 


Differential Gain (Note 14) 


Gain Flatness (Notes 2,13) (10MHz) 


Chrominance to Luminance Gain (Note 14) 


Chrominance to Luminance Delay (Note 14) 


POWER SUPPLY 


Supply Current (Output Disabled) (Note 19) 


PSRR (Note 15) 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily implied. 

2. Av = +1. 

3. Vout = ±5V. 

4. Vcm = ±5V. 

5. VouT = ±100mV. 



SIqw F^£it0 

6. Full Power Bandwidth is calculated by: FPBW = ——-; Vp^^j^ = 5V. 

7. VouT = 0to±200mV. “ 

8. Settling time to 0.1% with a 10V step. Specified with the channel pre-selected and the output stage enabled. Ay = -1. 

9. VouT= -SV to +5V or +5V to -5V. 

10. The time required for an enabled HA-2444 to switch from one input channel to another. Measured from the 50% point of the digital input 
to 50% of the output. Ay = +1 for ail channels. Vqut switches from OV to 5V. 

11. The time required to enable the output with a channel preselected. Measured from the 50% point of the Enable input to 4V on the output. 
Av = +1 for all channels. V|n = 5V for the selected channel. 

12. V|N = 5Vp-p, fo = 5MHz, for one of the 3 unselected channels. V|n = 0 for the selected channel. Ay = +1 for ail channels. 

13. V,N = 200mVRMS. 

14. Tested with a VM700A video tester using a NTC-7 Composite Input signal. 

15. Vs = ±15Vto±20V. 

16. These parameters are not tested. The limits are guaranteed based on lab characterization and reflect lot to lot variation. 

17. VouT = ±10V, Ven = 2.4V, 50% Duty Cycle max. 

18. Vout = ±5V, Ven = 0.8V. 

19. Applies to Ice Iee* ^out ~ OV, Ven “ 0.8V. 
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HA-2500, HA-2502 

HA-2505 

Precision High Slew Rate 
Operational Amplifiers 


Features 

• High Slew Rate.30V/}is 

• Fast Settling.330ns 

• Wide Power Bandwidth.500kHz 

• High Gain Bandwidth.12MHz 

• High Input Impedance.50MO 

• Low Offset Current.lOnA 

• internally Compensated For Unity Gain Stability 

Applications 

• Data Acquisition Systems 

• R.F. Amplifiers 

• Video Amplifiers 

• Signal Generators 

• Pulse Amplification 

Ordering Information 

PART NUMBER TEMP. RANGE PACKAGE 

HA2-2500-2 _ -55°C to +^25*^C 8 Pin TO-99 Can 

HA2-2502-2 _ -55°C to +125°C 8 Pin TO-99 Can 

HA2-2505-5 _ 0°C to +75°C 8 Pin TO-99 Can 

HA3-2505-5 _ 0°C to +75°C 8 Lead Plastic DIP 

HA4P2505-5 _ 0°C to +75^C 20 Lead Plastic LCC 

HA7-2500-2 _ -55°C to +125°C 8 Lead Ceramic DIP 

HA7-2502-2 _ -55°C to +125°C 8 Lead Ceramic DIP 

HA7-2505-5 0°C to +75®C 8 Lead Ceramic DIP 


Description 

HA-2500, HA-2502, HA-2505 comprises a series of mono¬ 
lithic operational amplifiers whose designs are optimized to 
deliver excellent slew rate, bandwidth, and settling time 
specifications. The outstanding dynamic features of this 
Internally compensated device are complemented with low 
offset voltage and offset current. 

These dielectrically isolated amplifiers are ideally suited for 
applications such as data acquisition, R.F., video, and pulse 
conditioning circuits. Slew rates of ±30V/ps and 330ns 
(0.1%) settling time make these devices excellent 
components in fast, accurate data acquisition and pulse 
amplification designs. 12MHz small signal bandwidth and 
500kHz power bandwidth make these devices well suited to 
R.F. and video applications. With 2mV typical offset voltage 
plus offset trim capability and lOnA offset current, HA-2500, 
HA-2502, HA-2505 are particularly useful components In 
signal conditioning designs. 

The gain and offset voltage figures of the HA-2500 series 
are optimized by internal component value changes while 
the similar design of the HA-2510 series is maximized for 
slew rate. 

Mil-Std-883 product and data sheets are available upon 
request. 


Pinouts 



HA-2500/02 (CDIP) 

HA-2505 

HA-2500/02/05 

HA-2505 (PDIP, CDIP) 

(PLCC) 

(TO-99 CAN) 

TOP VIEW 

TOP VIEW 
a. 

TOP VIEW 

r-l - I-. 

^ s 

o < o Q o 

COMP 


H! 


iBlBiaiSliEl 


ll»l 


IBIiElilHiE 


u ^ O .J o 
z z < z 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2500, HA-2502, HA-2505 


Absolute Maximum Ratings (Note 6) 


Operating Conditions 

Supply Voltage Between V+ and V- Terminals.40V Operating Temperature Range 

Differential Input Voltage.15V HA-2500/2502-2 .-55°C < Ta < +125°C 

Peak Output Current..50mA HA-2505-5 . 0°C < Ta < +75°C 

Junction Temperature.+175°C Storage Temperature Range.-65°C < Ta < +150°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of Uie device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications v+ = +15V, v- = -15V DC 


HA-2500-2 

PARAMETER TEMP MIN 


INPUT CHARACTERISTICS 


Offset Voltage 


Offset Voltage Average Drift 


Bias Current 


Input Resistance (Note 10) 


Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 1,4) +25°C 


Common Mode Rejection Ratio 
(Note 2) 


Gain Bandwidth Product (Note 3) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 1) 


Output Current (Note 4) 


Full Power Bandwidth (Note 4,11) 


TRANSIENT RESPONSE 


Rise Time (Notes 1, 5, 7 and 8) 


Overshoot (Notes 1, 5,7 and 8) 


Slew Rate (Notes 1, 5, 8 and 12) 


Settling Time to 0.1% 
(Note 1,5,8 and 12) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


PSRR (Note 9) 


NOTES: 

1. RL = 2kQ 

2. VcM = ±10V 

3. Av>10 

4. Vo = ±10V 

5. Cl = 50pF 

6. Absolute Maximum Ratings are limiting values, applied Individually, 
beyond which the serviceability of the circuit may be impaired. 



±10 

±12 

±10 

±20 

300 

500 


±10 

±12 

±10 

±20 

300 

500 



25 


25 


±20 ±30 




7. Vo = ±200mV 

8. See Transient Response Test Circuits and Waveforms. 

9. AV = ±5V 

10. This parameter value is based on design calculations. 

11. Full Power Bandwidth guaranteed based on slew rate 
measurement using: FPBW = Slew Rate/27cVpEAK 

12. Vout = ±5V. 
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HA-2500, HA-2502, HA-2505 



Die Characteristics 


Settiing Time Circuit 


Transistor Count. 

Die Dimensions. 

Substrate Potential. 

Process. 

Thermal Constants (°C/W) 

Metal Can. 

Plastic Minl-DIP. 

Ceramic Mini-DIP. 

Plastic LCC. 


.40 

.57 x 65x19mils 

... Unbiased 

.Bipolar-DI 


+v < 

INPUT 

O— 

2kO 



^5kQ 

.yi 

:^G 




HF 

11 ^ I' 


2kn 

— 

5kQ 


) SETTLING TIME 
TEST POINT 


2kn f CR1 Z ▲ CR2 


• Feedback and Summing Resistor Ratios should be 0.1% 
matched. 

• Clipping Diodes CR1 and CR2 are optional. HP5082-2810 
recommended. 
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HA-2500, HA-2502, HA-2505 


Test Circuits 


ERROR BAND 
±10mV FROM 
RNAL VALUE 


t_ SETTLING _t 



+200mV. 

90% --'VT 


OUTPUT 
10 % 
OmV — 


FIGURE 1. SLEW RATE AND SETTLING TIME 


FIGURE 2. TRANSIENT RESPONSE 


NOTE: Measured on both positive and negative transitions from OV to +200mv and OV to -200mV at the output. 




FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 

NOTE: Measured on both positive and negative transitions from OV 
to +200mv and OV to -200mV at the output. 


FIGURE 4. SUGGESTED Vqs ADJUSTMENT AND 
COMPENSATION HOOK UP 

Tested offset adjustment range is IVqs + 1mVI minimum referred to 
output. Typical ranges are ±6mV with Rj = 20kO 


CM 


Typicai Performance Curves v+ = +i svdc, v- = -i svdc, t^=+ 25 °c, unless otherwise specified 



-50 -25 0 ■•-25 ■•■50 -•-75 -•-100 ■•■125 

TEMPERATURE (<>C) 

FIGURE 5. INPUT BIAS AND OFFSET CURRENT vs. 
TEMPERATURE 


ilSE^ilillllSSilllilMIIIIII 


FREQUENCY (Hz) 

FIGURE 6. EQUIVALENT INPUT NOISE vs. BANDWIDTH 
(With 10Hz High Pass Filter) 
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HA-2500, HA-2502, HA-2505 



ISO. 



liliniiiiii 

nil 

III 

III 

II 

!S£illl 

! Vll 

nil 

III 

III 

II 

It 

II 

liS! 

nil 

III! 

||j 

II 

1 




iir 

IIIiIJII 

II 

1 





!!lli 

>1 

1 





Ilia 


1 





nil 

III! 


-50 -25 0 *2S *50 •i>75 •i'lOO -1.125 

TEMPERATURE (®C) 


10 100 IK 10K 100K 1M 10M 100M 

FREQUENCY (Hz) 


7. NORMALIZED AC PARAMETERS vs TEMPERATURE FIGURE 8. OPEN LOOP FREQUENCY AND PHASE RESPONSE 


a S 1.0 
& !i 

2 in 

s s 
2 i 

O > 0.9 
UJ O I 
b! ^ I 


BANDWIDTllL^-^T 
"" 1 SLEW RATE ' 



SUPPLY VOLTAGE (±V) 

FIGURE 9. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE AT+25®C 








10 100 IK 10K 100K 1M 10M 100M 

FREQUENCY (Hz) 

FIGURE 10. OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND 

NOTE: External compensation components are not required for 
stability, but may be added to reduce bandwidth if desired. 
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HA''2500, HA-2502, HA-2505 


Typical Performance Curves v+ = +i svdc, v- = -i svdc, Ta= + 25 °c, umess otherwise specified (continued) 



-50 -25 0 4-25 4^0 4-75 4-100 4-125 

TEMPERATURE C*C) 

FIGURE 11. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 



10K 


100K 


1MEG 10MEG 
FREQUENCY (Hz) 


FIGURE 12. OUTPUT VOLTAGE SWING vs FREQUENCY 
AT 4-25®C 



Rl = 2ka Cl = 50pF Vertical = 5V/Div. 

Upper Trace: Input Horizontal = 200ns/Div. 

Lower Trace: Output Ta =+25°C, Vs = ±15V 
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Features 

• High Rate Slew.60V/^s 

• Fast Settling.250ns 

• Wide Power Bandwidth. 1,000kHz 

• High Gain Bandwidth.12MHz 

• High Input Impedance.lOOMO 

• Low Offset Current.lOnA 

• Internally Compensated for Unity Gain Stability 

Applications 

• Data Acquisition Systems 

• R.F. Amplifiers 

• Video Amplifiers 

• Signal Generators 

• Pulse Amplification 


High Slew Rate Operational Amplifiers 


Description 

HA-2510/12/15 are a series of high performance operational 
amplifiers which set the standards for maximum slew rate, 
highest accuracy and widest bandwidths for Internally com¬ 
pensated monolithic devices. In addition to excellent 
dynamic characteristics, these dielectrically isolated amplifi¬ 
ers also offer low offset current and high input impedance. 

The ±60V/ixs slew rate and 250ns (0.1%) settling time of these 
amplifiers is ideally suited for high speed D/A, A/D, and pulse 
amplification designs. HA-2510/12/15’s superior 12MHz gain 
bandwidth and 1000kHz power bandwidth is extremely useful 
in R.F. and video applications. For accurate signal conditioning 
these amplifiers also provide iOnA offset current, coupled with 
100MD input Impedance, and offset trim capability. 

Mil-Std-883 product and data sheets are available upon request. 


Ordering Information 


PART NUMBER 

HA2-2510-2 

HA2-2512-2 

HA2-2515-5 

HA3-2515-5 

HA7-2510-2 

HA7-2512-2 

HA7-2515-5 


TEMP. RANGE 
-55°C to +125°C 
-55°C to •f125°C 
0°C to +75°C 
0°C to +75°C 
-55°C to +125°C 
-55°C to +125°C 
0°C to +75°C 


PACKAGE 

8 Pin Can _ 

8 Pin Can _ 

8 Pin Can _ 

8 Lead Plastic DIP 
8 Lead Ceramic DIP 
8 Lead Ceramic DIP 
8 Lead Ceramic DIP 


Pinouts 


HA-2510/12 (CDIP) 
HA-2515 (PDiP, CDIP) 

TOP VIEW 

V-/ 

BAL E 

j] COMP 

■inE — 

3 V+ 

^n[3— 

T] OUT 


T| BAL 

HA-2510/12/15 (TO-99 CAN) 
TOP VIEW 

COMP 




BAL ^ 

r) V+ 

-IN 

OUT 


j) BAL 

V- 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2510, HA-2512, HA-2515 


Absolute Maximum Ratings (Notes) 


Operating Conditions 


Voltage Between V+ and V- Terminals.40.0V Operating Temperature Range 


Differential Input Voltage.15V HA-2510/12-2 .-55®C ^ T^ ^ +125®C 

Peak Output Current.50mA HA-2515-5.0°C ^ T^ ^ +75®C 

Junction Temperature.+175°C Storage Temperature Range.-65°C ^ Ta ^ +150°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not impiied. 



Eiectricai Specifications v+ = +15VDC, v- = -15VDC 


_HA-2510-2 

MIN 


INPUT CHARACTERISTICS 


Offset Voltage 


Offset Voltage Average Drift 


Bias Current 


Offset Current 


Input Resistance (Note 10) 


Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 1,4) 


Common Mode Rejection Ratio (Note 2) 


Gain Bandwidth Product (Notes 3) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 1) 


Output Current (Note 4) 


Full Power Bandwidth (Notes 4,11) 


TRANSIENT RESPONSE 


Rise Time (Notes 1,5, 7,8) 


Overshoot (Notes 1, 5,7,8) 


Slew Rate (Notes 1,5,8,12) 


Settling Time to 0.1% (Notes 1,5,8,12) +25°C 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio (Note 19) 


NOTES: 

1. RL = 2kO 

2. Vcm = ±10VDC 

3. Av>10. 

4. Vo = ±10V. 

5. Cl = 50pF. 

6. Absolute Maximum Ratings are limiting values, applied individual¬ 
ly, beyond which the serviceability of the circuit may be impaired. 


HA-2512-2 


MIN TYP MAX 


MAX I UNITS 


4 

8 

- 

5 

- 

11 

- 

- 

20 

- 

- 

25 

100 

200 

- 

125 

- 

400 

- 

- 

10 

25 

- 

20 

- 

50 

- 

- 

100 

- 

40 

100 

- 

- 

±10.0 

- 



±10.0 

±12.0 

- 

±10.0 

±12.0 

- 

±10.0 

±10 

±20 

- 

±10 

±20 

- 

±10 

750 

1000 

- 

600 

1000 

- 

600 


±20 



mA 


dB 



7. Vo = ±200mV. 

8. See Transient Response Test Circuits and Waveforms. 

9. AV = ±5V. 

10. This parameter value is based on design calculations. 

11. Full Power Bandwidth guaranteed based on slew rate measure¬ 
ment using: FPBW = Slew Rate/27cVpEAK- 

12. Vout = ±5V. 


CM 
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HA-2510, HA-2512, HA-2515 


Die Characteristics 


Transistor Count.40 

Die Dimensions. . 57 x 65 x 19 mils 

Substrate Potential.Unbiased 

Process.Bipolar-DI 

Thermal Constants (°C/W) 0ja 0jc 

Metal Can. 117 36 

Plastic Mini-DlP. 96 34 

Ceramic Minl-DIP. 115 36 


Settiing Time Circuit 



• Av = -1 

• Feedback and summing resistor ratios should be 0.1% matched. 

• Clipping diodes CR1 and CR2 are optional. HP5082-2810 recom¬ 
mended. 


Test Circuits 



FIGURE 1. SLEW RATE AND SETTLING TIME 



FIGURE 2. TRANSIENT RESPONSE 


NOTE: Measured on both positive and negative transitions from OV to +200mV and OV to -200mV at the output. 



FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 

NOTE: Measured on both positive and negative transitions from OV 
to +200mV and OV to -200mV at the output. 



FIGURE 4. SUGGESTED Vqs ADJUSTMENT AND COMPENSA¬ 
TION HOOK UP 

Tested offset adjustment range is IVqs + ImVI minimum referred to 
output. Typical ranges are ±6mV with Bj = 20kQ 


























HA-2510, HA-2512, HA-2515 
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NORMAUZED PARAMETERS 
DEFERRED TO VALUES AT ±15 


HA-2510, HA-2512, HA-2515 
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Features 

• High Slew Rate. 

• Fast Settling. 

• Wide Power Bandwidth. 

• High Gain Bandwidth (Ay ^ 3). 

• High Input Impedance. 

• Low Offset Current. 


Applications 

• Data Acquisition Systems 

• R.F. Amplifiers 

• Video Amplifiers 

• Signal Generators 

• Pulse Amplification 


HA-2520, HA-2522 

HA-2525 

Uncompensated High Slew Rate 
Operational Amplifiers 


Description 

120V/|is HA-2520/2522/2525 comprise a series of monolithic opera- 

tional amplifiers delivering an unsurpassed combination of 
specifications for slew rate, bandwidth and settling time. These 
.. 2MHz dielectrically isolated amplifiers are controlled at close loop 
gains greater than 3 without external compensation. In addition, 
. 20MHz ifiese performance components also provide low offset 
. lOOMa current and high Input Impedance. 

_lOnA 120V/|j.s slew rate and 200ns (0.2%) settling time of these 

amplifiers make them Ideal components for pulse amplification 
and data acquisition designs. These devices are valuable com¬ 
ponents for R.F. and video circuitry requiring up to 20MHz gain 
bandwidth and 2MHz power bandwidth. For accurate signal 
conditioning designs the HA-2520/2522/2525’s superior 
dynamic specifications are complemented by lOnA offset cur¬ 
rent, lOOMii input Impedance and offset trim capability. MIL- 
STD-883 product and data sheets are available upon request. 

Ordering Information 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

HA2-2520-2 

-55°C to +125°C 

8 Pin Can 

HA2-2522-2 

-55°C to +125°C 

8 Pin Can 

HA2-2525-5 

0°C to +75°C 

8 Pin Can 

HA3-2525-5 

0°C to +75°C 

8 Lead Plastic DIP 

HA4P2525-5 

0°C to +75°C 

20 Lead PLCC 

HA7-2520-2 

-55°C to +125®C 

8 Lead Ceramic DIP 

HA7-2522-2 

-55°C to +125°C 

8 Lead Ceramic DIP 

HA7-2525-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA9P2525-5 

0°C to +75°C 

8 Lead SOIC 



CM 


Pinouts 


HA-2520/22 (CDIP) 
HA-2525 (PDIP, CDIP, SOIC) 
TOP VIEW 


HA-2520/22/25 
(TO-99 METAL CAN) 
TOP VIEW 


HA-2525 
(PLCC) 
TOP VIEW 



jlJ comp 
3 v+ 

e] OUT 
Tl BAL 



i i s 



j It1l 11 
0:^0- 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2520, HA-2522, HA-2525 


Absolute Maximum Ratings (Note 13) 


Operating Conditions 


Supply Voltage (Between V+ and V- Terminals).40.0V Operating Temperature Range 


Differential Input Voltage. 15.0V 

Output Current. 50mA 

Junction Temperature. +175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300®C 


HA-2520/2522-2 . 

HA-2525-5. 

Storage Temperature Range. 


.-55°C^Ta<+125°C 

...0°C^Ta^+75°C 

.-65®C^Ta^+150°C 


Electrical Specifications v+ := + 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 


Offset Voltage Drift 


Bias Current 


Offset Current 


Input Resistance (Note 9) 


Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 
(Notes 1,4) 


Common Mode Rejection Ratio 
(Note 2) 


Gain Bandwidth (Notes 3,12) 


Minimum Stable Gain 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 1) 


Output Current (Note 4) 


Full Power Bandwidth 
(Notes 4, and 10) 


TRANSIENT RESPONSE (Ay = +3) 


Rise Time (Notes 1,5,6, and 8) +25°C 


Overshoot (Notes 1,5,6, and 8) +25°C 


Slew Rate (Notes 1,5,8, and 11) +25°C 


SettllngTime(Notes1,5,8,11) +25°C 


V+ = +15VDC, V- = -15VDC 


HA-2520-2 LIMITS 


HA-2522-2 LIMITS 


HA-2525-5 LIMITS 
MIN I TYP I MAX UNITS 




±10.0 

±12.0 

±10 

±20 

1.2 

2.0 
































































































































































































Specifications HA-2520, HA-2522, HA-2525 
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HA-2520, HA-2522, HA-2525 


Die Characteristics 

Transistor Count.40 

Die Dimensions.57 x 67 x 19 mils 

Substrate Potential.Unbiased 

Process.Bipolar-DI 

Thermal Constants (°C/W) 0 ja Qjc 

Metal Can. 117 36 

Plastic Minl-DIP. 96 34 

Ceramic Mlni-DIP. 115 36 

PLCC. 74 33 

SOIC. 157 43 


Settiing Time Circuit 




INPUT 667.2Q 2 0.001 nF 




MseTn V- 


t' 

)01^F " 


> SETTUNG TIME 
TEST POINT 


• Feedback and Summing Resistor Ratios should be 0.1% 
matched. 

• Clipping Diodes CR1 and CR2 are optional. HP5082-2810 rec¬ 
ommended. 


Test Circuits 


ERROR BAND 
±10mV FROM 
RNAL VALUE 


t_ SETTLING _J 



OVERSHOOT 


l200mV-> 

90% —yr 

OUTPUT / j 

jo%.y J 

OV . . 


FIGURE 1. SLEW RATE AND SETTLING TIME 


FIGURE 2. TRANSIENT RESPONSE 

NOTE: Measured on both positive and negative transitions from OV 
to +200mV and OV to -200mV at the output. 


®PF T >13330 -p 50pF 



FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 


FIGURE 4. SUGGESTED Vqs ADJUSTMENT AND COMPENSA¬ 
TION HOOK-UP 

Tested offset adjustment range is IVqs + ImVI minimum referred to 
output. Typical ranges are ±20mV with Rj = 20kO 
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HA-2520, HA-2522, HA-2525 



















































































































































HA-2520. HA-2522, HA-2525 
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HA-2520, HA-2522, HA-2525 


Typical Application 


SOOpF 


NOTE: Compensation Circuit for Av = -1 
Slew Rate - 120V/ps 
Bandwidth «10MHz 
Settling Time (0.1%) - 500ns 

Capacitance at pin 8 must be minimized for maximum 
bandwidth. 

Tested and functional with supply voltages from ±4V to 
±15V. 


mill 

l■Hlm 

■IIIIIIIIHI 

iiiiii 

l■Hlm 

■Hlml■li 

iiiiii 

l■Hlm 

■Hlml■ll 

IIIIII 

■111111 

■Hlml■ll 

Him 

■111111 

■liiOIII 

Him 

■Him 

IliSflllliiVII 

Him 

■Him 

iiiiiiiiiiimi 

Him 

■Him 

■IllllliiVII 

Him 

■Him 

■iiimiiisis 

Him 

■Him 

■IIIIIIIIHI 


FIGURE 16. FREQUENCY RESPONSE FOR INVERTING UNITY 
GAIN CIRCUIT 
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SEMICONDUCTOR 


HA-2529 


March 1993 


Uncompensated, High Slew Rate 
High Output Current, Operational Amplifier 


Features 

• High Slew Rate.150V/}xs 

• Fast Settling.200n8 

• Wide Power Bandwidth.2MHz 

• Wide Gain Bandwidth (Ay ^ 3).20MHz 

• High Input Impedance.130MO 

• Low Offset Current.5nA 

• High Output Current.±30mA 


Applications 

• Data Acquisition Systems 

• R.F. Amplifiers 

• Video Amplifiers 

Ordering Information 


Signal Generators 
Pulse Amplification 


PART NUMBER 


TEMP. RANGE 

-55°Cto+125°C 
0°C to +75°C 
0°C to +75°C 


8 Pin Can 


8 Lead Plastic DIP 


-55°C to +125°C 8 Lead Ceramic DIP 


HA9P2529-5 


O^C to +75°C 
0°C to +75°C 


8 Lead Ceramic DIP 
8 Lead SOIC 


Description 

The HA-2529 Is a monolithic operational amplifier which 
typifies excellence of design. With a design based on years of 
experience coupled with the reliable dielectric isolation 
process, this amplifier provides an outstanding combination of 
DC and AC parameters at closed loop gains greater than 3. 

The HA-2529 offers 150V/ps slew rate and fast settling time 
(200ns), while consuming a mere 6mA of quiescent current, 
making this amplifier ideal for video circuitry and data 
acquisition designs. With 20MHz gain bandwidth combined 
with 7.5kVA/ open loop gain, the HA-2529 is an Ideal 
component for demanding signal conditioning designs. This 
device provides ±30mA output current drive with an output 
voltage swing of ±10V making it suited for pulse amplifier 
and R.F. amplifier components. 

The HA-2529 will upgrade output current, slew rate, offset 
voltage drift and offset current drift In systems presently 
using the HA-2520/22/25 or EHA-2520/22/25. 

MII-Std-883 product and data sheets are available upon 
request. 


Pinouts 


HA-2529 

(PDIP, CDIP, SOIC) 
TOP VIEW 



HA-2529 
(TO-99 CAN) 
TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper t.C. Handling Procedures. 
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Specifications HA-2529 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Voltage Between V+ and V- Terminals.40.0V Operating Temperature Range 


Differential Input Voltage.15V 

Peak Output Current.90mA 


HA-2529-2.-55°C ^ T^ ^ +125°C 

HA-2529-5.+75°C 


Internal Power Dissipation (Note 10). 300mW Storage Temperature Range.-65®C +150°C 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vs == ±15V, Cl = 50pF, Rl = 2kQ, unless otherwise Specified 


HA-2529-2 
-55®C to +125®C 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage (Note 8) 


Average Offset Voltage Drift (Note 8) 


Bias Current (Note 8) 


Average Bias Current Drift (Note 8) 


Offset Current (Note 8) 


Average Offset Current Drift 


Common Mode Range 


Differential Input Resistance (Note 11) 


Differential Input Capacitance 


Input Noise Voltage (f = 1kHz) 


Input Noise Current (f = 1kHz) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


Common Mode Rejection Ratio (Note 5) 


Gain Bandwidth Product (Note 2,11) 


Minimum Stable Gain 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


Full Power Bandwidth (Notes 3 & 6) 


Output Current (Note 8) 


Output Resistance (Open Loop) 


TRANSIENT RESPONSE (Ay = +3) 


Rise Time (Note 2,7) 


Overshoot (Note 2,7) 


Slew Rate (Note 3,7) 


Settling Time (Note 4,7) 


TEMPERATURE 



dB 


MHz 



CVJ 
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Specifications HA-2529 


Electrical Specifications Vs = ±1 5V, Cl = SOpF, Rl = 2 ka unless otherwise Specified (Continued) 


PARAMETER 

TEMPERATURE 

1 POWER SUPPLY CHARACTERISTICS 

Supply Current 

Full 

Power Supply Rejection Ratio (Note 12) 

Full 


HA-2529-2 

-55®Cto+125®C 



NOTES: 

1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. VouT = ±200mV.Av^3. 

3. VouT = ±10V. 

4. Settling Time is specified to 0.1 % of final value for a 10V output step and Ay/ = -3. 

5. AVcm = ±10V. 

Slew Rate 

6. Full Power Bandwidth is guaranteed by equation: FPBW = —--—. 

4JCVp —ak 

7. See Transient Response and Settling Time Test Circuits. 

8. Refer to typical performance curve in data sheet. 

9. Vout = ±5V. 

10. Refer to package thermal constants in Die Characteristics section. 

11. Parameter is guaranteed by design and characterization data. 

12. AVs=:±10Vto±20V. 


Die Characteristics 


Settiing Time Circuit 


Transistor Count..40 

Die Dimensions. 57 x 67 x 19 miis 

Substrate Potentiai.V- 

Process .Bipolar-Di 

Thermal Constants (°C/W) 6jc 

Metal Can. 117 36 

Plastic Mini-DIP.. 96 34 

Ceramic Mini-DIP.. 115 36 

SOIC.. 157 43 


V+ ' 

INPUT 

667.2Q 

2n| 





;1667Q 

V- < 






7 0.001 ^iF 

>"- 

4 




>SETTUNGTIME 
TEST POINT 


• Feedback and summing resistor ratios should be 0.1% matched. 

• Clipping diodes CR1 and CR2 are optional. HP5082-2810 recom¬ 
mended. 
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HA-2529 


Test Circuits 


u.ru. 


ZTE 


SETTLING 

TIME 


ERROR BAND 
±10mV FROM 
FINAL VALUE 



OVERSHOOT 


+200mV ■ 

90% — 
OUTPUT 
t0%^ i 
OV 


FIGURE 1. SLEW RATE AND SETTLING TIME 


FIGURE 2. TRANSIENT RESPONSE 

NOTE: Measured on both positive and negative transitions from OV 
to +200mV and OV to -200mV at the output. 




FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 


FIGURE 4. SUGGESTED Vqs ADJUSTMENT AND COMPENSA¬ 
TION HOOK UP 

Tested offset adjustment range is I Vqs + ImVI minimum referred to 
output. Typical ranges are +28mV to -18mV with Ry = 20kO 


LARGE SIGNAL RESPONSE 

Horizontal Scale: (200ns/Div.) 
Vertical Scale: (2V/Dlv. Input) 
(5V/DIV. Output). 


SMALL SIGNAL RESPONSE 

Horizontal Scale: (200ns/Dlv.) 
Vertical Scale: (50mV/Div. Input) 
(100mV/Dlv. Output). 
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OUTPUT CURRENT (±mA) 2 OFFSET BIAS CURRENT (nA) 3 OFFSET VOLTAGE (mV) 


Typical Performance Curves 






































HA-2529 


Typical Performance Curves (Continued) 
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SUPPLY VOLTAGE (±V) 

FIGURE 11. SUPPLY CURRENT vs SUPPLY VOLTAGE 
(OVER FULL TEMPERATURE) 
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FIGURE 12. FREQUENCY RESPONSE AT VARIOUS GAINS 
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FREQUENCY (Hz) 

FIGURE 13. OPEN LOOP FREQUENCY RESPONSE FOR VARI¬ 
OUS VALUES OF CAPACITORS FROM COMP PIN 
TO GROUND 


FREQUENCY (Hz) 

FIGURE 14. INPUT NOISE CHARACTERISTICS 
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FREQUENCY (Hz) 

FIGURE 15. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 16. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 
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SEMICONDUCTOR 


HA-2539 


March 1993 


Features 

• Very High Slew Rate.SOOV/^s 

• Open Loop Gain.ISkVTV 

• Wide Gain-Bandwidth (Av^ 10).600MHz 

• Power Bandwidth.9.5MHz 

• Low Offset Voltage.8mV 

• Input Voltage Noise.6nV/VHz 

• Output Voltage Swing.±10V 

• Monolithic Bipolar Dielectric Construction 

Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• RF Oscillators 


Ordering Information 


PART NUMBER 

HA1-2539-2 
HA1-2539-5 
HA1-2539-9 


HA1-2539C-5 


HA1-2539C-9 


HA3-2539-9 


HA3-2539C-5 


HA4P2539-5 


HA9P2539-5 


HA9P2539-9 


HA9P2539C-5 


HA9P2539C-9 


TEMP. RANGE 

-55°C to+125°C 
0°C to +75°C 
-40°C to +85®C 


0°C to +75X 


-40°C to +85°C 


0°C to +75°C 


-40°C to +85°C 


0°C to +75°C 


0°C to +75°C 


0°C to +75°C 


-40°C to +85°C 


0°C to +75°C 


-40®C to +85°C 


PACKAGE 

14 Lead Ceramic DIP 
14 Lead Ceramic DIP 
14 Lead Ceramic DIP 


14 Lead Ceramic DIP 


14 Lead Ceramic DIP 


14 Lead Plastic DIP 


14 Lead Plastic DIP 


14 Lead Plastic DIP 


20 Lead PLCC 


14LeadSOIC 


14 Lead SOIC 


14 Lead SOIC 


14 Lead SOIC 


Very High Slew Rate Wideband 
Operational Amplifier 


Description 

The Harris HA-2539 represents the ultimate in high slew 
rate, wideband, monolithic operational amplifiers. It has been 
designed and constructed with the Harris High Frequency 
Bipolar Dielectric Isolation process and features dynamic 
parameters never before available from a truly differential 
device. 

With a 600V/ms slew rate and a 600MHz gain bandwidth 
product, the HA-2539 is ideally suited for use in video and 
RF amplifier designs, In closed loop gains of 10 or greater. 
Full ±10V swing coupled with outstanding AG parameters 
and complemented by high open loop gain makes the 
devices useful in high speed data acquisition systems. 

For further design assistance please refer to Application 
Note 541 (Using the HA-2539 Very High Slew Rate Wide¬ 
band Operational Amplifiers) and Application Note 556 
(Thermal Safe-Operating-Areas For High Current Opera¬ 
tional Amplifiers. 

For military grade product information, the HA-2539/883 data 
sheet is available upon request. 


For a lower power version of this product, please 
see the HA-2839 and HA-2840 data sheets. 



Pinouts 


HA-2539 

(PDIP,CDIP,SOiC) 
TOP VIEW 



HA-2539 (PLCC) 
TOP VIEW 

^ I i ^ 


IBIQini^SIEEl 



(NC) No Connection pins may be tied to a ground plane for better o c 

isolation and heat dissipation. ^ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 o oic 
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Specifications HA-2539 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Supply Voltage Between V+ and V- Terminals.35V Operating Temperature Range 


Differential Input Voltage...6V HA-2539-2.-55°C ^ T^ ^ +125°C 

Peak Output Current.50mA HA-2539/2539C-5.0°C ^ T^ ^ +75°C 

Continuous Output Current.33mA„ns HA-2539-9.-40°C ^ T^ +85°C 

internal Quiescent Power Dissipation (Note 2) Storage Temperature Range.-65°C ^ T^ ^ +150®C 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed In “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectrical Specifications Vsupply == ±1 5V, R(. = 1 kO, Cl < 10pF, unless otherwise Specified. 


PARAMETER 


INPUT CHARACTERISTICS 


Off^t Voltage 


Average Offset Voltage Drift 


Offset Current 


Input Resistance 


input Capacitance 


Comrrwn Mode Range 


Input Current Noise 
(f = 1kHz, Rsource = OQ) 


Input Voltage Noise 
(f = 1 kHz, Rsource = 0^) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 
(Notes 3) 


Common Mode Rejection Ratio 
(Note 4) 


Minimum Stable Gain 


Gain Bandwidth (Notes 5,6) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 
(Notes, 10) 


Output Current (Note 3) 


Output Resistance 


Full Power Bandwidth 
(Notes 3,7) 


TRANSIENT RESPONSE (Note 8) 



Settling Time: 10V Step to 0.1% 


POWER REQUIREMENTS 












































































































































































































Specifications HA-2539 


Electrical Specifications Vsupply = ±1 SV, Rl. == 1 kO. Cl < 10pR unless otherwise Specified. (Continued) 


HA-2539-2 LIMITS 


HA-2539-5, -9 LIMITS I HA-2539C-5, -9 LIMITS 


PARAMETER 


MAX I UNITS 


Supply Current 

Full 

Power Supply Rejection Ratio 
(Note 9) 

Full 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions is not necessarily implied. 

2. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below +175‘’C for the 
ceramic package and below +150°C for the plastic packages. By using Application Note 566 on Safe Operating Area equations, along 
with the packaging thermal resistances listed in the Die Characteriistics section, proper load conditions can be determined. Heat sinking 
is recommended above +75°C with suggested models: 

Thermalloy #6007 (0 sa = 40°C/W) or AAVID #56028 (0 sa = 16°C/W). 

3. RL = 1kQ, Vo = ±10V 

4. VcM = ±10.0V 

5. Vo = 90mV 

6. Av=10 

7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = - 

8. Refer to Test Circuits section of data sheet. PEAK 

9- Vsupply = -*-5V,-15V and +15V,-5V 

10. Guaranteed range for output voltage is ±10V. Functional operation outside of this range is not guaranteed. 
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HA-2539 


Die Characteristics 

Transistor Count..30 Thermal Constants (®C/W) Ojc 

Die Dimensions.75x61x19 mils CftramifiDlP 71 14 

(1910pm X 1550nmx 483pm) Plastic DIP. 107 38 

Substrate Potential (Power Up)*.V- snic 119 3fi 

Passivation.Nitride 

* The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on conductor at V- potential. 

Test Circuits 



Vs = ±15V 

IN o— 

♦ Av, = +10 


ClSIOpF 


<900D 


:^iooa 


FIGURE 1. TEST CIRCUIT 


... 




-- 



■•T 





1, 1 

p 



■ ■ 


|lll 







FIGURE 2. LARGE SIGNAL RESPONSE 
Vertical Scale: A = 0.5V/Div., B = S.OV/DIv. 
Horizontal Scale; Time: SOns/Oiv. 


FIGURE 3. SMALL SIGNAL RESPONSE 
Vertical Scale: Input = lOmV/Div., Output = 50mV/Div. 
Horizontal Scale: 20ns/Div. 






W IpF 



^ .001 pF 

-r"-L 

;500Q 

-V ' 

nni-h. 

Iff “ 
2^ 



5kp 


<10pF 

: PRcSiBE 
MONITOR 


• Av = -10 

• Load Capacitance should be less than 10pF. 

• It is recommended that resistors be carbon composition and that 
feedback and summing network ratios be matched to 0.1%. 

• SETTLE POINT (Summing Node) capacitance should be less 
than lOpF. For optimum settling time results, it is recommended 
that the test circuit be constructed directly onto the device pins. A 
Tektronix 568 Sampling Oscilloscope with S-3A sampling heads 
is recommended as a settle point monitor. 


FIGURE 4. SETTLING TIME CIRCUIT 
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HA-2539 



R4ioka 


Typical Applications 


"2 


^ SETAv=-^ »-3 
R2 


FIGURE 17. FREQUENCY COMPENSATION BY OVERDAMPING 


FIGURE 18. STABILIZATION USING 


input I C2:|= 0.039hF 

i Rl<10ka f- 

" T 3900pF R2>ikQ 


HA-5170 j- 


FIGURE 19. REDUCING DC ERRORS; COMPOSITE AMPLIFIER FIGURE 20. DIFFERENTIAL GAIN ERROR (3%) HA-2539 20dB 

VIDEO GAIN BLOCK 
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Wideband, Fast Settling 
Operational Amplifier 


Features 

• Very High Slew Rate ....400 V/m.s 

• Fast Settling Time.140ns 

• Wide Gain Bandwidth (Ay ^ 10). 400MHz 

• Power Bandwidth.6MHz 

• Low Offset Voltage.8mV 

• Input Voltage Noise.enV/VPiz 

• Output Voltage Swing.± 10V 

• Monolithic Bipolar Construction 

Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• Fast, Precise D/A Converters 

Ordering Information 


PART 

NUMBER 


HA1-2540-5 


HA1-2540-9 


HA1-2540C-5 


HA1-2540C-9 


TEMPERATURE 

RANGE 


-55°C to +125°C 


0°Cto+75°C 


-40°C to +85°C 


0°Cto+75°C 


-40°Cto+85°C 


0°Cto+75°C 


-40°Cto+85°C 


0®C to +75°C 


0°C to +75°C 


0°C to +75®C 


-40°Cto+85°C 


HA3-2540C-5 


HA4P2540-5 


HA9P2540-5 


HA9P2540-9 


HA9P2540C-5 0®C to +75°C 


HA9P2540C-9 -40°C to +85°C 


PACKAGE 


j Ceramic DIP 


1 Ceramic DIP 


j Ceramic DIP 


Pinouts 


HA-2540 (CDIP, PDIP, SOIC) 
TOP VIEW 



Description 

The Harris HA-2540 is a wideband, very high slew rate, 
monolithic operational amplifier featuring superior speed and 
bandwidth characteristics. Bipolar construction coupled with 
dielectric isolation allows this truly differential device to 
deliver outstanding performance in circuits where closed 
loop gain is 10 or greater. Additionally, the HA-2540 has a 
drive capability of ±10V into a IkO load. Other desirable 
characteristics include low input voltage noise, low offset 
voltage, and fast settling time. 

A 400V/ps slew rate ensures high performance in video and 
pulse amplification circuits, while the 400MHz gain-band- 
width product is ideally suited for wideband signal amplifica¬ 
tion. A settling time of 140ns also makes the HA-2540 an 
excellent selection for high speed Data Acquisition Systems. 

Refer to Application Note 541 and Application Note 556 for 
more information on High Speed Op Amp applications. HA- 
2540/883 MIL-STD-883 data sheet is available on request. 



HA-2540 (PLCC) 
TOP VIEW 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2540 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage Between V+ and V- Terminals.35V Operating Temperature Range 

Differential Input Voltage.6V HA-2540-2.-55°C < T^ ^ +125®C 

Output Current...33mArms (Continuous), 50mA (Peak) HA-2540/2540C-5.0°C ^ T^ ^ +75°C 

Internal Power Dissipation (Note 2) HA-2540/2540C-9.-40°C ^ T;^ ^ +85°C 

Junction Temperature.+175®C Storage Temperature Range.-65°C ^ T^ ^ +150°C 

Junction Temperature (Plastic Packages)...+150°C 

Lead Temperature (Soldering 10s).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsupply = ^ISV, R^ = IkO, Ct, < lOpF, unless otherwise Specified. 




HA-2540-2 

HA-2540-5 

-9 

HA-2540C-5, -9 


PARAMETER 

TEMP 

1 MIN 

TYP 

MAX 

1 MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 

Offset Voltage 

+ 25 OC 

- 

8 

10 

- 

8 

15 

- 

8 

15 

mV 


Full 

- 

13 

15 

- 

13 

20 

- 

13 

20 

mV 

Average Offset Voltage Drift 

Full 

- 

20 

- 

- 

20 

- 

- 

20 

- 

pV/oc 

Bias Current 

+ 25 OC 

- 

5 

20 

- 

5 

20 

- 

5 

20 

pA 


Full 

- 

- 

25 

- 

- 

25 

- 

■I 

25 

pA 


Offset Current 


Input Resistance 


Input Capacitance 


Common Mode Range 


Input Noise Current 
(f s= 1 kHz, Rsource = 0^) 


input Noise Voltage 
(f = 1 kHz, Rsource = OO) 


TRANSFER CHARACTERISTICS 



Large Signal Voltage Gain (Note 3) 

+ 25 OC 

10 

15 

- 

10 

15 

- 

7 

10 

- 

kV/V 


Full 

5 

- 

- 

5 

- 

- 

5 

- 

- 

kV/V 

Common-Mode Rejection Ratio 
(Note 4) 

Full 

60 

72 

- 

60 

72 

■ 

60 

72 

- 

dB 

Minimum Stable Gain 

+25°C 

10 

- 

- 

10 

■ 

- 

10 

- 

- 

V/V 

Gain Bandwidth Product (Notes 5 & 6) 

+25°C 

- 

400 

- 

- 

400 

- 

- 

400 

- 

MHz 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 3,10) 

Full 

±10 

- 

- 

±10 

- 

- 

±10 

- 

- 

V 

Output Current (Note 3) 

+ 25 OC 

±10 

±20 

- 

±10 

±20 

- 

±10 

±20 

- 

mA 

Output Resistance 

+ 25 OC 

- 

30 

- 

- 

30 

- 

- 

30 

- 

Q 

Full Power Bandwidth (Notes 3,7) 

+ 25 OC 

5.5 

6 

- 

5.5 

6 

- 

5.5 

6 

- 

MHz 
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Specifications HA-2540 


Electrical Specifications Vsupply ^ Rl »1kU Cl < 10pF, unless otherwise Specified. (Continued) 




HA-2540-2 

HA-2540-5. -9 

HA-2540C-5. -9 


PARAMETER 

TEMP 

MIN 

TYP 

MAX 

IQQI 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

TRANSIENT RESPONSE (Note 8) 

Rise Time 

+25^0 

- 

14 

- 

- 

14 

- 

- 

14 

- 

ns 

Overshoot 

+25®C 

- 

5 

- 

- 

5 

- 

- 

5 

- 

% 

Slew Rate 

+25^0 

320 

400 

- 

320 

400 

- 

320 

400 

- 

V/ps 

Settling Time: 10V Step to 0.1% 

+25®C 

- 

140 

- 

- 

140 

- 

- 

140 

- 

ns 


POWER REQUIREMENTS 


Supply Current 

Full 

Power Supply Rejection Ratio (Note 9) 

Full 



1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below +175°C for the 
ceramic package, and below +150°C for the plastic package. By using Application Note 556 on Safe Operating Area Equations, along 
with the packaging thermal resistances listed in the Die Characteristics section, proper load conditions can be determined. Heat sinking 
is recommended above +75®C with suggested models: 

Thermalloy #6007 (0 sa s 40°C/W) or AAVID #56028 (0 sa s 16°C/W). 

3. RL=:1kO, Vo = ±10V. 

4. VcM = ±10V. 

5. Vo = 90mV. 

6. Av=10. 

Slew Rate 

7. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = —--. 

27CVpp A 

8. Refer to Test Circuits section of the data sheet. ^ 

9- Vsupply = +5V, -15V and +15V, -5V. 

10. Guaranteed range for output voltage Is ±10V. Functional operation outside of this range Is not guaranteed. 
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HA-2540 


Test Circuits 



Ays-l-IO 

Cl^IOpF 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 


LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: A = 0.5V/Dlv., B = 5.0V/Dlv.) 
Horizontal Scale: (Time: 50ns/Dlv.) 



SMALL SIGNAL RESPONSE 
Vertical Scale: Input = 10mV/Div.; Output = 50mV/Dlv. 
Horizontal Scale: 20ns/Div. 


mrpm 


■ 


iTTrii 



V-I- 9 0.001 pF 


INPUT 200Q 


101 pF 

Di 


PROBE 

MONITOR 


• Av = -10. 

• Load Capacitance should be less than 10pF. Turn on time 
delay typically 4ns. 

• It is recommended that resistors be carbon composition 
and the feedback and summing network ratios be 
matched to 0.1%. 

• SETTLE POINT (Summing Node) capacitance should be 
less than lOpF. For optimum settling time results, it is rec¬ 
ommended that the test circuit be constructed directly 
onto the device pins. A Tektronix 568 Sampling Oscillo¬ 
scope with S-3A sampling heads is recommended as a 
settle point monitor. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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-80 -40 0 


TEMPERATURE (®C) 


IIIIIIBlIIIIIIIMlllii 


100 IK 10K 

FREQUENCY (Hz) 


FIGURES. INPUT OFFSET VOLTAGE AND BIAS CURRENT vs FIGURE 10. INPUT NOISE VOLTAGE AND NOISE CURRENT V8 
TEMPERATURE FREQUENCY 


Vertical Scale: lOmV/DIv. 
Horizontal Scale: 50ms/Div. 


Vsb± 15, Ri.»1K 


■■■■■■■Hi 

■■■■■■■■■nil 

■■■■■■■■■I" 



























































































































HA-2540 


Applications 


A-Tl 


Knr 


FIGURE 15. WIDEBAND SIGNAL SPLITTER FIGURE 16. BOOTSTRAPPING FOR MORE OUTPUT CURRENT 

AND VOLTAGE SWING 

NOTE: With on© HA-2540 and two low capacitance switch- NOTES: 

ing diodes, signals exceeding 10MHz can be 1 . Used for experimental purposes. Cf = 3 pF. 

separated. This circuit is most useful for full wave 2 . Is optional ( 0.001 0.01 pF ceramic). 

rectification, AM detectors or sync generation. 3. R 5 is optional and can be utilized to reduce Input signal amplitude 

and/or balance input conditions. R 5 = 500Q to 1 kQ. 


Refer to Application Not© 541 For Further Applications Information 
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HA2-2541 (TO-8 CAN) 
TOP VIEW 


balI© ©Inc 

VCASE-V- *"* 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2541 


Absolute Maximum Ratings (Note i) 


Voltage Between V+ and V- Terminals.35V 

Differential Input Voltage.6V 

Peak Output Current.50mA 

Continuous Output Current.28mApMs 

Junction Temperature (Note 11).+175°C 

Lead Temperature (Soldering 10 Sec.).+300°C 


Operating Conditions 

Operating Temperature Range 

HA-2541-2.-55°C ^ Ta ^ +125°C 

HA-2541-5.0®C ^ Ta ^ +75^0 

Storage Temperature Range.-65°C ^ Ta ^ +150°C 


CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operatton 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vs^pply = ±15V, R^^ s IkO, C|, ^ lOpR Unless otherwise Specified 


Offset Current 



input Resistance 


Input Capacitance 


Common Mode Range 


Input Noise Voltage (f = 1kHz, Rg = OQ) 


Input Noise Current (f = 1 kHz, Rg = OQ) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


Common Mode Rejection Ratio (Note 5) 


Minimum Stable Gain 


Unity Gain Bandwidth (Note 6) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 4) 


Output Current (Note 4) 


Output Resistance 


Full Power Bandwidth (Note 3 & 7) 


Differential Gain (Note 2) 


Differential Phase (Note 2) 


Harmonic Distortion (Note 10) 


TRANSIENT RESPONSE (Note 8) 
















































































































































































Specifications HA-2541 


Electrical Specifications Vsupply = r,, irq, Cl ^ lOpR unless otherwise Specifieci (Continued) 


PARAMETER 

TEMP 

Settling Time 

10V Step to 0.1% 

+25®C 

10V Step to 0.01% 

+25°C 


HA-2541-2 

-55®Cto+125®C 



POWER REQUIREMENTS 


Supply Current 


Power Supply Rejection Ratio (Note 9) 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily Implied. 

2. Differential Gain and Phase are measured with a IV differential voltage at 5MHz. 

3. Vo = ±10V 

4. RL=1kQ 

5. VcM*±10V 

6 . Vo = 90mV. 

Slow Floto 

7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = -. 

8 . Refer to Test Circuits section of this data sheet. PEAK 

9- V 3 ypp[Y s= ±5VDC to ±15VDC. 

10. f = 10kHz; Ay, = 5; Vo = 14Vp.p 

1 1. This value assumes a no load condition: Maximum power dissipation with load conditions must be designed to maintain the maximum 
junction temperature below -t-ITS^C. By using Application Note 556 on Safe operating Area equations, along with the packaging thermal 
resistances listed in the Die Characteristics section, proper load conditions can be determined. Heat sinking is recommended above 
+75®C with suggested models: 

14 Lead Ceramic DIP: 

Thermalloy #6007 or AAVID #5602B (0 sa = 16°C/W). 

12 Lead Metal Can (TO-8): 

Thermalloy #2240A {0 sa = 27®C/W) or #2266B (0 sa = 24®C/W) 


Die Characteristics 

Transistor Count.41 

Die Dimensions. 89 x 79 x 19 mils 

Substrate Potential (Power Up)*.V- 

Process.High Frequency Bipolar 

Dielectric Isolation Passivation.Silox 

Thermal Constants (°C/W) 0ja 0jc 

Ceramic DIP. 71 13 

Metal Can. 56 29 

* The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 


Settiing Time Circuit 




5^ 

5^ 


2ka 

2kn 1 

— 


SETTUNG 

POINT 


• Av = -1 

• Feedback and summing resistor ratios should be 0.1 % matched. 

• HP5082-2810 clipping diodes recommended. 

• Tektronix P6201 FET probe used at settling point. 
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HA-2541 



Test Circuits 


FIGURE 1. TEST CIRCUIT 


LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: 5V/Div.) 
Horizontal Scale: (Time: 50ns/Dlv,) 


SMALL SIGNAL RESPONSE 

Vertical Scale: (V|n = 100mV/Dlv., Vqut = 50mV/Div.) 
Horizontal Scale: (Time: 20ns/Dlv.). 


PROPAGATION DELAY 

Vertical Scale: (Volts: = 100mV/Div.) 
Horizontal Scale: (Time: 5ns/Dlv.). 


Vs = ±15V,RL = 1kO 
T =+25*^0 

Propagation delay variance is negligible 
over full temperature range. 
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HA-2541 


Typical Performance Curves (Continued) 
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3 5 7 9 11 13 

SUPPLY VOLTAGE (±V) 

FIGURE 8. SUPPLY CURRENT vs SUPPLY VOLTAGE 
(AT VARIOUS TEMPERATURES) 




5 7 9 11 13 

SUPPLY VOLTAGE (±V) 

FIGURE 9. SLEW RATE V8 SUPPLY VOLTAGE 

(NORMALIZED WITH Vg = ±15V AT +25®C) 


3 5 7 9 11 13 15 

SUPPLY VOLTAGE (±V) 

FIGURE 10. PSRR vs SUPPLY VOLTAGE (AVERAGE OF 3 LOTS 
AT VARIOUS TEMPERATURES) 
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SUPPLY VOLTAGE (±V) 

FIGURE 11. CMRR vs SUPPLY VOLTAGE (AVERAGE OF 3 
LOTS AT VARIOUS TEMPERATURES) 
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100 IK 10K 100K 1M 1 

FREQUENCY (Hz) 

FIGURE 12. REJECTION RATIOS vs FREQUENCY 






8 10 12 14 

SUPPLY VOLTAGE (±V) 

FIGURE 13. ± OPEN LOOP GAIN vs SUPPLY VOLTAGE 

(AVERAGE OF 3 LOTS OVER TEMPERATURE) 
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Typical Performance Curves (Continued) 



FIGURE 14. GAIN AND PHASE FREQUENCY RESPONSE FIGURE 15. SMALL SIGNAL BANDWIDTH VS SOURCE 

RESISTANCE (Vg = ±15V, R^ = IkO) 



FIGURE 16. CLOSED LOOP FREQUENCY RESPONSE vs TEMPERATURE 


Suggested Offset Voltage Adjustment 



Tested Offset Adjustment Range is I Vqs +1 mVI 
minimum referred to output. Typical range is 
±15mVfor RjsSka 


PHASE (DEGREES) 






































HA-2541 


Applications (Also see Application Note 550) 
Application 1 

High power amplifiers and buffers are in use in a wide variety 
of applications. Many times the “high power'’ capability is 
needed to drive large capacitive loads as well as low value 
resistive loads. In both cases the final driver stage is usually 
a power transistor of some type, but because of their inher¬ 
ently low gain, several stages of pre-drivers are often 
required. The HA-2541, with its 10mA output rating, is pow¬ 
erful enough to drive a power transistor without additional 
stages of current amplification. This capability is well demon¬ 
strated with the high power buffer circuit in Figure 17. 

The HA-2541 acts as the pre-driver to the output power tran¬ 
sistor. Together, they form a unity gain buffer with the ability 
to drive three 50Q coaxial cables in parallel, each with a 
capacitance of 2000pF. The total combined load is 16.6Q 
and eOOOpF capacitance. 


L HA-254^ * WV * 

— ixn 

HP283S ’ 

-K 

2N5886 

illlU' 

loib _ 

HP2835 ” 


1 ifITT 


Application 2 
Video 

One of the primary uses of the HA-2541 is in the area of 
video applications. These applications include signal con¬ 
struction, synchronization addition and removal, as well as 
signal modification. A wide bandwidth device such as the 
HA-2541 is well suited for use in this class of amplifier. This, 
however, is a more involved group of applications than ordi¬ 
nary amplifier applications since video signals contain pre¬ 
cise DC levels which must be retained. 

The addition of a clamping circuit restores DC levels at the 
output of an amplifier stage. The circuit shown in Figure 18 
utilizes the HA-5320 sample and hold amplifier as the DC 
clamp. Also shown is a 3.57MHz trap in series, which will 
block the color burst portion of the video signal and allow the 
DC level to be amplified and restored. 




LOAD 16.60; 6000pF 
OR 12.50; 6000pF 


FIGURE 17. DRIVING POWER TRANSISTORS TO GAIN 
ADDITIONAL CURRENT BOOSTING 


FIGURE 18. VIDEO DC RESTORER 
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SEMICONDUCTOR 


HA-2542 


Wideband, High Slew Rate, High Output 
March 1993 Current Operational Amplifier 


Description 

The HA-2542 Is a wideband, high slew rate, monolithic oper¬ 
ational amplifier featuring an outstanding combination of 
speed, bandwidth, and output drive capability. 

Utilizing the advantages of the Harris D.I. technology this 
amplifier offers 350V/ps slew rate, 70MHz gain bandwidth, 
and ±100mA output current. Application of this device is fur¬ 
ther enhanced through stable operation down to closed loop 
gains of 2. 

For additional flexibility, offset null and frequency compensa¬ 
tion controls are included in the HA-2542 pinout. 

The capabilities of the HA-2542 are ideally suited for high 
speed coaxial cable driver circuits where low gain and high 
output drive requirements are necessary. With 5.5MHz full 
power bandwidth, this amplifier is most suitable for high 
frequency signal conditioning circuits and pulse video ampli¬ 
fiers. Other applications utilizing the HA-2542 advantages 
include wideband amplifiers and fast sample-hold circuits. 

For more information on the HA-2542, please refer to Appli¬ 
cation Note 552 (Using the HA-2542), or Application Note 
556 (Thermal Safe-Operating-Areas for High Current Op 
Amps). 


For a lower power version of this product, please see 
the HA-2842 data sheet. 


Pinouts 


NC 

NC 

BAL 

-IN 

•i-IN 

V- 

NC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pj |0 |SJyrp|3@r 2899.1 

Copyright © Harris Corporation 1993 


HA-2542 
(PDIP, CDIP) 
TOP VIEW 


HA-2542 

(TO-8 METAL CAN) 
TOP VIEW 




Features 

• Stable at Gains of 2 or Greater 


• Gain Bandwidth.70MHz 

• High Slew Rate (Min).300V/^s 

• High Output Current (Min). 100mA 

• Power Bandwidth (Typ).5.5MHz 

• Output Voltage Swing (Min).±10V 


• Monolithic Bipolar Dielectric Isolation Construction 

Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• Coaxial Cable Drivers 

• Fast Sample-Hold Circuits 

• High Frequency Signal Conditioning Circuits 


Ordering Information 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

HA1-2542-2 

-55°Cto+125°C 

14 Lead Ceramic DIP 

HA1-2542-5 

0°C to +75°C 

14 Lead Ceramic DIP 

HA2-2542-2 

-55°C to +125°C 

12 Pin Can 

HA2-2542-5 

0°C to +75®C 

12 Pin Can 

HA3-2542-5 

0°CtO+75'>C 

14 Lead Plastic DIP 
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Specifications HA-2542 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage (Between V+ and V- Terminals).35V Operating Temperature Range 

Differential Input Voltage.6 V HA.2542-2.-55°C ^ Ta ^ +125®C 

Output Current.125mA (Peak) HA-2542-5 .0 °C^Ta^+75°C 

50mA (Continuous) Storage Temperature Range.-65°C ^ Ta ^ +150°C 

Junction Temperature (Note 11).+175®C 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectrical Specifications Vsupply = ±15V, Rl = IkO, Cl^ lOpF, Unless otherwise Specified. 



Average Bias Current Drift 


Offset Current 


Input Resistance 


input Capacitance 


Common Mode Range 


Input Noise Voltage (0.1Hz to 100Hz) 


Input Noise Density (f = 1kHz, Rq = OQ) 


Input Noise Current Density (f = 1 kHz, Rq = OQ) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


Common Mode Rejection Ratio (Note 4) 


Minimum Stable Gain 


Gain Bandwidth Product (Note 5) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


Output Current (Note 6) 


Output Resistance 


Full Power Bandwidth (Notes 3,7) 


Differential Gain (Note 2) 


Differential Phase (Note 2) 


Harmonic Distortion (Note 10) 


TRANSIENT RESPONSE (Note 8) 






















































































































































































Specifications HA-2542 


Electrical Specifications Vsupply = ±15V, R|_ » ikq, lOpF, unless otherwise Specified. (Continued) 


HA-2542-2 

-55®Cto+125®C 


TEMPERATURE 



PARAMETER 


TRANSIENT RESPONSE (Note 8) Continued 


Settling Time 
10V Step to 0.1% 


10V Step to 0.01% 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio (Note 9) 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. Differential gain and phase are measured at 5MHz with a IV differential input voltage. 

3. RL=1kQ,Vo = ±10V. 

4. VcM = ±10V. 

5. AycL “ 100. 

6 . Rl = 500, Vq = ±5V, Output duty cycle must be reduced for Iqut > 50mA (e.g. ^50% duty cycle for 100mA). 

Slew Rate 

7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = -. 

8 . Refer to Test Circuits section of this data sheet. PEAK 

9- Vsupply = ±5VDC to ±15VDC. 

10. V,N = 1 Vrms; f = 10kHz; Ay = 10. 

11. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below +175®C for ce¬ 
ramic and can packages, and below -»-150°C for plastic packages. By using Application Note 556 on Safe Operating Area equations, 
along with the packaging thermal resistances listed in the Die Characteristics section, proper load conditions can be determined. Heat¬ 
sinking will be required In many applications. See Performance Curve below to determine if heat sinking is required for your application. 
Some suggested heatsink models are: 

14 Lead Ceramic DIP: 

Thermalloy #6007 or AAVID #5602B (Osa = 16°C/W) 

12 Pin Metal Can (TO-8): 

Thermalloy #2240A (Osa = 27®C/W) or #2268B (0 sa = 24°C/W) 


Die Characteristics 

Transistor Count. 43 120 - 

Die Dimensions.72 x 105 x 19 mils ^ 

(1820pm X 2670|Am x 485pm) 

Substrate Potential*.....V- ^ loo 

Process.High Frequency Bipolar-DI w 

Passivation.Nitride 2 80 

Thermal Package Characteristics (°C/W) 0ja 0jc * 

Ceramic DIP. 71 13 O aa 

Plastic DIP. 88 27 f 

Metal Can. 56 29 5 

40 

* The substrate may be left floating (Insulating Die Mount) or it may 1 
be mounted on a conductor at V- potential. | 20 
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Test Circuits 


TEST CIRCUIT 


LARGE SIGNAL RESPONSE 
Vertical Scale (Volts: V|n = 2.0V/Dlv., Vqut = 5.0V/Div.) 
Horizontal Scale (Time: 200ns/Dlv.) 


Vs = ±15V 
Av = +2 
Cl^IOpF 
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SMALL SIGNAL RESPONSE 

Vertical Scale (Volts: 100mV/Div.) 
Horizontal Scale (Time: 50ns/Div.) 


PROPAGATION DELAY 

Vertical Scale (Volts: 100mV/Dlv.) 
Horizontal Scale (Time: lOns/DIv.) 

Vs = ±15V; Rl = Ika Propagation delay variance 
is negligible over full temperature range 
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SETTLING TIME TEST CIRCUIT 



SETTUNG 

POINT 


Av = -2. 

Feedback and summing resistors must be matched (0.1%). 
HP5082-2810 clipping diodes recommended. 

Tektronix P6201 FET probe used at settling point. 

For 0.01% settling time, heat sinking Is suggested to reduce 
thermal effects and an analog ground plane with supply 
decoupling is suggested to minimize ground loop errors. 
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Typical Performance Curves 
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FREQUENCY (Hz) 

FIGURE 1. INPUT NOISE VOLTAGE AND INPUT NOISE 
CURRENT VS FREQUENCY 
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FIGURE 2. OFFSET VOLTAGE DRIFT WITH TEMPERATURE 
OF SIX REPRESENTATIVE UNITS (Vg = ±12V) 
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FIGURE 3. INPUT RESISTANCE vs FREQUENCY 


TEMPERATURE (°C) 

FIGURE 4. BIAS CURRENT DRIFT WITH TEMPERATURE OF 
SIX REPRESENTATIVE UNITS (Vo s ±12V) 
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FIGURE 5. BIAS CURRENT vs POWER SUPPLY, SIX UNITS AT 
VARIOUS SUPPLIES AT +25®C 
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FIGURE 6. PSRR AND CMRR vs TEMPERATURE (Vs = ±15V) 
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GAIN (dB) OUTPUT VOLTAGE (V) 


HA-2542 


Typical Performance Curves (Continued) 
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FIGURE 13. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 15. FREQUENCY RESPONSE CURVES 
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FIGURE 14. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 16. HA-2542 CLOSED LOOP GAIN vs TEMPERATURE 
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HA-2542 



PHASE 


Application Information 

Typical Applications 

(Refer to Application Note 552 for Further Information) 

The Harris HA-2542 is a state of the art monolithic device 
which also approaches the “ALL-IN-ONE” amplifier concept. 
This device features an outstanding set of AC parameters 
augmented by excellent output drive capability providing for 
suitable application In both high speed and high output drive 
circuits. 

Primarily intended to be used in balanced 500 and 750 
coaxial cable systems as a driver, the HA-2542 could also be 
used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would also 
be suitable as a small DC motor driver. 

The applications shown In Figures 17 through Figure 19 
demonstrate the HA-2542 at gains of +100 and +2 and as a 
video cable driver for small signals. 

Prototyping Guidelines 

For best overall performance in any application, it is recom¬ 
mended that high frequency layout techniques be used. This 
should Include: 1) mounting the device through a ground 
plane: 2) connecting unused pins (N.C.) to the ground: 3) 
mounting feedback components on Teflon standoffs and or 
locating these components as close to the device as possi¬ 
ble: 4) placing power supply decoupling capacitors from 
device supply pins to ground. 

As a result of speed and bandwidth optimization, the HA- 
2542 can’s case potential, when powered-up, is equal to the 
V- potential. Therefore, contact with other circuitry or ground 
should be avoided. 


Frequency Compensation 

The HA-2542 may be externally compensated with a single 
capacitor to ground. This provides the user the additional 
flexibility in tailoring the frequency response of the amplifier. 
A guideline to the response is demonstrated on the typical 
performance curve showing the normalized A.C. parameters 
versus compensation capacitance. It is suggested that the 
user check and tailor the accurate compensation value for 
each application. As shown additional phase margin is 
achieved at the loss of slew rate and bandwidth. 

For example, for a voltage gain of +2 (or -1) and a load of 
500pF/2kD, 20pF is needed for compensation to give a small 
signal bandwidth of 30MHz with 40° of phase margin. If a full 
power output voltage of ±10V is needed, this same configu¬ 
ration will provide a bandwidth of 5MHz and a slew rate of 
200V/ps. 

if maximum bandwidth is desired and no compensation is 
needed, care must be given to minimize parasitic capaci¬ 
tance at the compensation pin. in some cases where mini¬ 
mum gain applications are desired, bending up or totally 
removing this pin may be the solution. In this case, care 
must also be given to minimize load capacitance. 

For wideband positive unity gain applications, the HA-2542 
can also be over-compensated with capacitance greater 
than 30pF to achieve bandwidths of around 25MHz. This 
over-compensation will also improve capacitive load han¬ 
dling or lower the noise bandwidth. This versatility along with 
the ±100mA output current makes the HA-2542 an excellent 
high speed driver for many power applications. 


Typical Applications 


FREQUENCY (OdB) x 44.9MHz, PHASE MARGIN (OdB) x 40^ 
Avcl = 100 PHASE AND GAIN 


FIGURE 17. NONINVERTING CIRCUIT (Ayct = 100) 
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HA-2544 


March 1993 


Video Operational Amplifier 


Features 

• Gain Bandwidth. 50MHz 

• High Slew Rate.... ISOV/^s 

• Low Supply Current. 10mA 

• Differential Gain Error.0.03% 

• Differentiai Phase Error.0.03 Degree 

• Gain Flatness at 10MHz...0.12dB 

Applications 

• Video Systems • Imaging Systems 

• Video Test Equipment • Pulse Ampiifiers 

• Radar Displays • Signal Conditioning Circuits 

• Data Acquisition Systems 

Ordering Information 

PART NUMBER TEMP. RANGE PACKAGE 

HA2-2544-2 _ -55°C to +125°C 8 Pin TO-99 Can 

HA2-2544-5 _ 0°C to +75°C 8 Pin TO-99 Can 

HA3-2544-5 _ 0°C to 8 Lead Plastic DIP 

HA3-2544C-5 _ 0°C to +75°C 8 Lead Plastic DIP 

HA4P2544-5 _ 0°C to +75°C 20 Lead PLCC 

HA4P2544C-5 0°C to +75°C 20 Lead PLCC 

HA7-2544-2 _ -55°C to +125°C 8 Lead Ceramic DIP 

HA7-2544-5 _ 0°Cto+75^C 8 Lead Ceramic DIP 

HA9P2544-5 _ 0*>Cto+75X SLeadSOiC _ 

HA9P2544-9 _ -40^0 to 8 Lead SOIC _ 

HA9P2544C-5 _ 0°C to ^-75°C 8 Lead SOIC _ 

HA9P2644C-9 -40°C to +85°C 8 Lead SOIC 


Description 

The HA-2544 is a fast, unity gain stable, monolithic op amp 
designed to meet the needs required for accurate 
reproduction of video or high speed signals. It offers high 
voltage gain (6kVA^) and high phase margin (65 degrees) 
while maintaining tight gain flatness over the video 
bandwidth. Built from high quality Dielectric isolation, the 
HA-2544 is another addition to the Harris series of high 
speed, wideband op amps, and offers true video 
performance combined with the versatility of an op amp. 

The primary features of the HA-2544 include 50MHz Gain 
Bandwidth, 150V/ps slew rate, 0.03% differentiai gain error 
and gain flatness of just 0.12dB at 10MHz. High perfor¬ 
mance and low power requirements are met with a supply 
current of only 10mA. 

Uses of the HA-2544 range from video test equipment, 
guidance systems, radar displays and other precise imaging 
systems where stringent gain and phase requirements have 
previously been met with costly hybrids and discrete 
circuitry. The HA-2544 will also be used in non-video 
systems requiring high speed signal conditioning such as 
data acquisition systems, medical electronics, specialized 
Instrumentation and communication systems. 

Military (/883) product and data sheets are available upon 
request. 


Pinouts 



HA-2544 (PDIP, CDIP, SOIC) 

HA-2544C (PDIP, SOIC) 

HA-2544/2544C 

HA-2544 

TOP VIEW 

(PLCC) 

(TO-99 CAN) 


TOP VIEW 

TOP VIEW 




m 





^NC 

rMMTjir 

O J o 

=* g * 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 - 
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Specifications HA-2544 


Absolute Maximum Ratings (Note 1 ) 


Operating Conditions 


Voltage Between V+ and V- Terminals.35V Operating Temperature Range 



Common Mode Range 

Full 

±10 

±11.5 


Differential Input Resistarx^e 

+25°C 

50 

90 


Differential Input Voltage (Note 11).6V HA-2544/2544C-5. 

Peak Output Current.±40mA HA-2544-9. 

Junction Temperature.+175®C HA-2544-2. 

Junction Temperature (Plastic Package).+150°C Storage Temperature Range. 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
of device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vg = ±15V, Cl ^ 10 pF, Rl = 1 kn, Unless otherwise Specified 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift (Note 9) 


Bias Current 


Average Bias Current Drift (Note 9) 


Offset Current 


Offset Current Drift 


...0°C^Ta^+75°C 

..-40°C5Ta^+85°C 

.-55®C^Ta^+125°C 

.-65®C^Ta^+150°C 


only rating and operation 



Differential Input Capacitance 


Input Noise Voltage (f = 1kHz) 


Input Noise Current (f = 1kHz) 


Input Noise Voltage 
0.1Hz to 10Hz (Note 9) 


0.1 Hz to 1MHz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 4,9) 


Common Mode Rejection Ratio (Notes 6, 9) 


Minimum Stable Gain 


Unity Gain Bandwidth (Notes 3, 9) 


Gain Bandwidth Product (Notes 3,9) 


Phase Margin 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


Full Power Bandwidth (Note 7) 


Peak Output Current (Note 9) 


Continuous Output Current (Note 9) 


Output Resistance (Open Loop) 



kVA/ 


dB 
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Specifications HA-2544 


Electrical Specifications Vs = ±15V, Cl ^ 10pF, = i ka unless otherwise Specified (Continued) 


PARAMETER 

TEMP 

1 TRANSIENT RESPONSE 

Rise Time (Note 3) 

+25°C 

Overshoot (Note 3) 

+25°C 

Slew Rate 

+25°C 

Settling Time (Note 5) 

+26°C 


VIDEO PARAMETERS Rl = IkQ (Note 10) 


HA-2544-2/-5 




Differential Phase (Note 12) 

+25®C 

Differential Gain (Notes 2,12) 

+25°C 


+25°C 

Gain Flatness 


5MHz 

+25®C 

10MHz 

+25°C 

Chrominance to Luminance Gain (Note 13) 

+25°C 

Chrominance to Luminance Delay (Note 13) 

+25°C 

1 POWER SUPPLY CHARACTERISTICS 

Supply Current 

Full 

Power Supply Rejection Ratio (Notes 8,9) 

-2, -6 



1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 


2. Ar,(%) = 


Ap(dB) 


-1 X100 . 


3. Vqut = ±100mV. For Rise Time and Overshoot testing, VouT Is measured from 0 to +200mV and 0 to -200mV. 

4. Vout = ±5V 

5. Settling Time Is specified to 0.1% of final value for a 10V step and Av = -1. 

6. AVcm = ±10V 

Slew Rate 

7. Full Power Bandwidth Is guaranteed by equation: Full Power Bandwidth = - ('^ppaic = 6 V ) . 

8. AVg = ±10to±20V ''peak 

9. Refer to typical performance curve in Data Sheet. 

10. The video parameter specifications will degrade as the output load resistance decreases. 

11. To achieve optimum AC performance, the Input stage was designed without protective diode clamps. Exceeding the maximum differential 
Input voltage results in reverse breakdown of the base-emitter Junction of the input transistors and probable degradation of the input 
parameters especially Vqsi Iqs Noise. 

12. Tested with a VM700A video tester, using a NTC-7 Composite input signal. For adequate test repeatability, a minimum warm-up of 2 
minutes is suggested. Av - +1. 

13. C-L Gain and C-L Delay was less than the resolution of the test equipment used which is 0.1 dB and 7ns, respectively. 
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HA-2544 



Die Characteristics 


Transistor Count.44 Thermal Constants (®C/W) Gjc 

Die Dimensions. 80 x 65 x 19 mils Metal Can. 111 34 

Substrate Potential*.V- Plastic Mlni-DIP. 92 30 

Process.High Frequency Bipolar D.I. Ceramic Minl-DIP. 114 35 

Passivation.Nitride SOIC. 157 43 

PLCC. 74 33 

* The substrate may be left floating (insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 
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Test Circuits 



Vs = ±15V 
Ay = +1 

Rs = 50Q or 75C1 (Optional) 

Rl= 1kfl 
Cl<10pF 

V|N for Large Signal = ±5V 

V|N for Small Signal = 0 to +200mV 

and 0 to -200mV 


FIGURE 1. TRANSIENT RESPONSE 


LARGE SIGNAL RESPONSE 

VouT = 0to+10V 

Vertical Scale: (V,n = 5V/Div.; Vqut = 2V/Div.) 
Horizontal Scale: (lOOns/Div.) 


SMALL SIGNAL RESPONSE 

Vqut = 0 to +200mV 

Vertical Scale: (V|n = 100mV/Dlv.; Vqut = 100mV/Div.) 
Horizontal Scale: (100ns/Div.). 




5kQ 



2kO 

2kO 

3 ^ 


» SETTUNG 
POINT 


Feedback and summing resistor ratios should be 0.1% matched. 
HP5082-2810 clipping diodes recommended. 

Tektronix P6201 FET probe used at settling point. 



Tested offset adjustment range is IVqs + 1mVI minimum referred to 
output. Typical range for Rj = 20kO is approximately ±30mV. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 


FIGURE 3. OFFSET VOLTAGE ADJUSTMENT 
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INPUT NOISE VOLTAGE (nV/VHz) 


HA-2544 


Typical Performance Curves 
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FIGURE 4. INPUT NOISE VOLTAGE AND NOISE CURRENT vs 
FREQUENCY 
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FIGURE 6. NOISE VOLTAGE (Ay = 1000) 
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FIGURE 5. INPUT OFFSET VOLTAGE vs TEMPERATURE 
(3 TYPICAL UNITS) 


RL»1kft Vs = ±15V 


CM 
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FIGURE 7. INPUT BIAS CURRENT vs TEMPERATURE 
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FIGURE 8. PSRR AND CMRR vs TEMPERATURE 


-60 -40 -20 0 20 40 60 80 100 120 140 
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FIGURE 9. OPEN LOOP GAIN vs TEMPERATURE 


2-353 


OPERATIONAL 

AMPLIFIERS 



































































HA-2544 



2-354 


PHASE (DEGREES) PHASE MARGIN (DEGREES) 






























NTSC Method, Rl = 1kn, Differential Gain < 0.05% at Ta = +75®C 
No Visual Difference at Ta = -55°C or +125°C 

FIGURE 18. DIFFERENTIAL GAIN 


NTSC Method, Rl = 1 kU Differential Phase < 0.05 Degree at Ta - +75°C 
No Visual Difference at Ta = -55°C or +125°C 

FIGURE 19. DIFFERENTIAL PHASE 













































































HA-2544 


Typical Video Performance Curves (Continued) 
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V|N = 2.0V/Div., VouT = 2.0V/Div., TImebase = 50ns 

FIGURE 22. ±2V OUTPUT SWING (WITH Rload = 75Q, 
FREQUENCY = 5.00MHz) 


Applications and Product Guidelines 

The HA-2544 is a true differential op amp that is as versatile 
as any op amp but offers the advantages of high unity gain 
bandwidth, high speed and low supply current. More impor¬ 
tant than its general purpose applications is that the 
HA-2544 was especially designed to meet the requirements 
found in a video amplifier system. These requirements 
include fine picture resolution and accurate color rendition, 
and must meet broadcast quality standards. 

in a video signal, the video information is carried in the 
amplitude and phase as well as in the DC level. The 
amplifier must pass the 30Hz line rate luminance level and 
the 3.58MHz (NTSC) or 4.43MHz (PAL) color band without 
altering phase or gain. The HA-2544's key specifications 
aimed at meeting this inciude high bandwidth (50MHz), very 
low gain flatness (0.12dB at 10MHz), near unmeasurable 
differential gain and differential ^ase (0.03% and 0.03 
degrees), and low noise (20nV/VHz). The HA-2544 meets 
these guidelines. 

The HA-2544 also offers the advantage of a full output 
voltage swing of ±10V into a IkQ load. This equates to a full 
power bandwidth of 2.4MHz for this ±10V signal. If video 
signal levels of ±2V maximum is used (with Rl = IkQ), the 
full power bandwidth would be It.QMHz without clipping 
distortion. Another usage might be required for a direct 50Q 
or 75Q, load where the HA-2544 will still swing this ±2V 
signal as shown in the above display. One Important note 
that must be realized is that as load resistance decreases 
the video parameters are also degraded. For optimal video 
performance a 1 ki2 load Is recommended. 

If lower supply voltages are required, such as ±5V, many of 
the characterization curves indicate where the parameters 
vary. As shown the bandwidth, slew rate and supply current 
are still very well maintained. 
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FIGURE 23. BANDWIDTH vs LOAD CAPACITANCE 


Prototyping and PC Board Layout 

When designing with the HA-2544 video op amp as with any 
high performance device, care should be taken to use high fre¬ 
quency layout techniques to avoid unwanted parasitic effects. 
Short lead lengths, low source impedance and lower value 
feedback resistors help reduce unwanted poles or zeros. This 
layout would also include ground plane construction and power 
supply decoupling as close to the supply pins with suggested 
parallel capacitors of 0.1 pF and 0.001 pF ceramic to ground. 

In the noninverting configuration, the amplifier is sensitive to 
stray capacitance (<40pF) to ground at the inverting input. 
Therefore, the Inverting node connections should be kept to a 
minimum. Phase shift will also be introduced as load parasitic 
capacitance is increased. A small series resistor (20Q to 
100Q) before the capacitance effectively decouples this effect. 

Stability/Phase Margin/Compensation 

The HA-2544 has not sacrificed unity gain stability In achieving 
its superb AC performance. For this device, the phase margin 
exceeds 60 degrees at the unity crossing point of the open loop 
frequency response. Large phase margin is critical In order to 
reduce the differential phase and differential gain errors caused 
by most other op amps. Because this part is unity gain stable, 
no compensation pin Is brought out. If compensation is desired 
to reduce the noise bandwidth, most standard methods may be 
used. One method suggested for an inverting scheme would be 
a series R-C from the inverting node to ground which will 
reduce bandwidth, but not effect slew rate. If the user wishes to 
achieve even higher bandwidth (>50MHz), and can tolerate 
some slight gain peaking and lower phase margin, experiment¬ 
ing with various load capacitance can be done. 

Shown in Application 1 is an excellent Differential Input, Unity 
Gain Buffer which also will terminate a cable to 750 and reject 
common mode voltages. Application 2 is a method of separat¬ 
ing a video signal up into the Sync, only signal and the Video 
and Blanking signal. Application 3 shows the HA-2544 being 
used as a 100kHz High Pass 2-Pole Butterworth Filter. Also 
shown is the measured frequency response curves. 
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Typical Applications 



FIGURE 24. APPUCATtON 1,7512 DIFFERENTIAL INPUT BUFFER FIGURE 25. APPLICATION 2, COMPOSITE VIDEO SYNC. 

SEPARATOR 



FIGURE 26. APPLICATION 3,100kHz HIGH PASS 2-POLE FIGURE 27. MEASURED FREQUENCY RESPONSE OF 

BUTTERWORTH FILTER APPLICATION 3 
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Precision, High Slew Rate, Wideband 
Operational Amplifier 


Features 

• High Slew Rate.120V/)X8 

• Low Off set Voltage.300}xV 

• High Open Loop Gain.130clB 

• Gain Bandwidth Product.150MHz 

• Low Noise Voltage at 1kHz.8.3nV/VHz 

• Minimum Gain Stability.^5 

Applications 

• High Speed Instrumentation 

• Data Acquisition Systems 

• Analog Signal Conditioning 

• Precision, Wideband Amplifiers 

• Pulse/RF Amplifiers 


Description 

The HA-2548 is a monolithic op amp that offers a unique 
combination of bandwidth, slew rate, and precision specifica¬ 
tions. These features can eliminate the need for composite 
op amp designs and external calibration circuitry. 

Optimized for gains ^5, the HA-2548 has a gain-bandwidth 
product of 150MHz and a slew rate of 120V/|xs while main¬ 
taining extremely high open loop gain (130dB typ) and low 
offset voltage (300pV typ). These specifications are 
achieved through uniquely designed Input circuitry and a sin¬ 
gle ultra-high gain stage that minimizes the AC signal path. 
Capable of delivering over 30mA of output current, the HA- 
2548 is ideal for precision, high speed applications such as 
signal conditioning, instrumentation, video/pulse amplifiers 
and buffers. 

For information on the military version of this device please 
refer to the HA-2548/883 datasheet. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA2-2548-5 

0°C to +75°C 

8 Pin CAN 

HA2-2548-9 

-40°C to +85°C 

8 Pin CAN 

HA3-2548-5 

0°C to +75°C 

8 Lead Plastic DIP 

HA7-2548-5 

0°C to +75°C 

8 Lead Ceramic Sidebraze DIP 

HA7-2548-9 

-40°C to +85°C 

8 Lead Ceramic Sidebraze DIP 

HA9P2548-5 

0°C to +75°C 

16 Lead Wide BodySOIC 


Pinouts 



HA-2548 

HA-2548 

HA-2548 

(PDIP, CDIP) 

(TO-99CAN) 

(300 mil SOIC) 

TOP VIEW 

TOP VIEW 

TOP VIEW 


CAUTION; These devices are sensitive to eiectrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2548 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Supply Voltage Between V+ and V- Terminals.40V Operating Temperature Range 


Differential Input Voltage.5V HA-2548-5.0°C ^ Ta ^ +75°C 

Output Current.40mA HA-2548-9. -40PC ^ Ta ^ +85°C 

Junction Temperature.+175°C Storage Temperature Range.-65°C ^ Ta ^ +150°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of ^e device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectrical Specifications V+ = -cl 5V, V- == -15V. R^ ^ 1 K. Ct. = 1 0pF, unless otherwise Specified. 


INPUT CHARACTERISTICS 


Input Offset Voltage 


Average Offset Voltage Drift (Note 12) 


Input Bias Current 


Input Offset Current 


Common Mode Range 


Differential Input Resistance 


input Noise Voltage 
(f = 0.1 Hz to 10Hz) 
(f = 0.1 Hz to 1MHz) 


Input Noise Voltage Density (Note 2) 
(f=10Hz) 

(f= 100Hz) 

(f= 1000Hz) 


Input Noise Current Density (Note 2) 
(f=10Hz) 

(f= 100Hz) 

(f = 1000Hz) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


Common Mode Rejection Ratio (Note 4) 


Gain Bandwidth Product (Notes 5,12) 


Minimum Stable Gain 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


Output Current (Note 6) 


Output Resistance 


Full Power Bandwidth (Note 7) 




2-359 


OPERATIONAL 

AMPLIFIERS 




















































































































































































Specifications HA-2548 


Electrical Specifications v-f = +1 5V. V- - 1 SV. R,. = 1 K. == 1 0pF, Unless otherwise Specified. (Continued) 


PARAMETER 


TRANSIENT RESPONSE 


Slew Rate (Notes 8,12) 
Positive 


Slew Rate (Notes 8,12) 
Negative 


Rise Time (Notes 9,12) 


Fall Time (Notes 9,12) 


Overshoot (Notes 9,12) 
Positive 


Overshoot (Notes 9,12) 
Negative 


Settling Time (Notes 10,12) 


POWER SUPPLY 


Power Supply Rejection Ratio (Note 11) 



dB 


mA 



1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceable of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Refer to typical performance cun/e in data sheet. 

3. VouT = ±10V. 

4. Vcm = ±2V. 

5. Characterized in an Ay^ = -100 configuration from 100kHz to 10MHz. 

6. R, =1ki2, VouT>10V. 

'* » I Slew Rate 

7. Full Power Bandwidth is calculated by: FPBW = = 10V 

8. Vout = ±5V, Av = +5. ^ 

9. Vqut ~ ilOOmV, Ay = +5. 

10. Settling time is specified to 0.01% with a 10V step and Ay = -5. 

11. DeltaVs = ±10Vto±20V. 

12. These parameters are not tested. The limits are guaranteed based on lab characterization and reflect lot to lot variation. 
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HA-2548 




Die Characteristics 


Transistor Count. 

.60 

Die Dimensions. 

.85 X 91 X 19 mils 


(2160 x2320 x482pm) 

Substrate Potential*. 

.V- 

Process. 

... High Frequency Bipolar Dl 

Metallization: 


Type:. 


Thickness:. 

.16kA±2kA 

Glassivation: 


Type:. 


Silox Thickness:. 

.12kA±2kA 

Nitride Thickness:. 

. 3.5kA±1kA 

Thermal Constants (°C/W) 

0JA 0JC 

Sidebrazed Ceramic DIP. 

. 75 12 

Plastic DIP. 

. 92 30 

SOIC. 

. 96 26 

CAN. 

. 105 32 

* The substrate may be left floating (Insulating Die Mount) or it may 

be mounted on conductor at V- potential. 
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HA-2548 


Test Circuits and Waveforms 


h—O OUT 
fsooil Av=*+5 


FIGURE 2. LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 
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FIGURE 3. LARGE SIGNAL RESPONSE 

VouT = ±5V, Av = +5, Rl = 1K, Cl < 10pF 


FIGURE 4. SMALL SIGNAL RESPONSE 

^OUT ” OOmV, Ay = +5, Rl = 1 K, Cl ^ 10pF 


TO 

OSCILLOSCOPE 


Av = -5 

Feedback and summing resistors should be 0.1% matched. 
Clipping diodes are optional. HP5082-2810 recommended. 
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FIGURES. SETTLING TIME TEST CIRCUIT 


FIGURES. HA-2548 SETTLING TIME 
Ay = -5, Output = -10V Output Scale Vertical: ImV/DIv, 
Horizontal: 50ns/Dlv 
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NOISE VOLTAGE (nV/VHz) 


HA-2548 



Typical Performance Curves Vg = ±15V. Ta = +25°c (Continued) 
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FREQUENCY (Hz) FREQUENCY (Hz) 


FIGURE 25. INPUT NOISE VOLTAGE DENSITY FIGURE 26. INPUT NOISE CURRENT DENSITY 



FIGURE 27. PEAK TO PEAK NOISE 0.1HZ TO 10HZ FIGURE 28. PEAK TO PEAK NOISE 0.1HZ TO 1MHZ 

p-p(RTI) = 691.4nV, rms(RTI) = 116.5nV, = 25(X)0 p-p(RTI) = 4.004pV, rms(RTI) = 664.5nV, Av = 25000 
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Features 

• Wide Bandwidth. 

• High Input Impedance. 

• Low Input Bias Current. 

• Low Input Offset Current. 

• Low Input Offset Voltage. 

• High Gain. 

• High Siew Rate. 

• Output Short Circuit Protection 

• Unity Gain Stabie 

Applications 

• Video Amplifier 

• Pulse Amplifier 

• Audio Amplifiers and Filters 

• High-Q Active Filters 

• High-Speed Comparators 

• Low Distortion Oscillators 

Ordering Information 


. 12MHz 
.500MO 
....InA 
....InA 
..0.5mV 
150kV/V 
...TV/^is 


PART NUMBER 
HA2-2600-2 
HA2-2602-2 
HA2-2605-5 
HA3-2605-5 
HA4P2605-5 
HA7-2600-2 
HA7-2602-2 
HA7-2605-5 
HA9P2605-5 
HA9P2605-9 


TEMPERATURE RANGE 

-55°Cto+125°C 
-55°C to +125°C 
(y>CtQ+75°C 
0°C to +75°C 
0°C to +75°C 
-55°Cto+125°C 
-55°C to +125°C 
0°Cto+75°C 
0°C to +75°C 
-40°C to +85°C 


PACKAGE 
8 Pin Can 
8 Pin Can 
8 Pin Can 
8 Lead Plastic DIP 
20 Lead PLCC 
8 Lead Ceramic DIP 
8 Lead Ceramic DIP 
8 Lead Ceramic DIP 
8 Lead SOIC 
8 Lead SOIC 


Description 

HA-2600/2602/2605 are internally compensated 
bipolar operational amplifiers that feature very high 
input Impedance (500MO, HA-2600) coupled with 
wideband AC performance. The high resistance of the 
input stage is complemented by low offset voltage 
(0.5mV, HA-2600) and low bias and offset current 
(InA, HA-2600) to facilitate accurate signal process¬ 
ing. Input offset can be reduced further by means of 
an external nulling potentiometer. 12MHz unity gain- 
bandwidth, 7V/ps slew rate and 150kV/V open-loop 
gain enables HA-2600/2602/2605 to perform high-gain 
amplification of fast, wideband signals. These dynamic 
characteristics, coupled with fast settling times, make 
these amplifiers ideally suited to pulse amplification 
designs as well as high frequency (e.g. video) applica¬ 
tions. The frequency response of the amplifier can be 
tailored to exact design requirements by means of an 
external bandwidth control capacitor. 

In addition to its application in pulse and video 
amplifier designs, HA-2600/2602/2605 are particu¬ 
larly suited to other high performance designs such as 
high-gain low distortion audio amplifiers, high-Q and 
wideband active filters and high-speed comparators. 
For more information, please refer to Application Note 
515. 

The HA-2600 and HA-2602 are offered as /883 
Military Grade; product and data sheets are available 
upon request. 


Pinouts 


HA-2600/02 (CDIP) 
HA-2605 (PDIP, CDIP, SOIC) 
TOP VIEW 


HA-2600/02/05 
(TO-99 METAL CAN) 
TOP VIEW 


HA-2605, (PLCC) 
TOP VIEW 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2600, HA-2602, HA-2605 


Absolute Maximum Ratings (Note 13) 


Operating Conditions 


Supply Voltage Between V+ and V- Terminals.45.0V Operating Temperature Range 


Differential Input Voltage..12.0V 

Peak Output Current.Full Short Circuit Protection 

Junction Temperature. 


HA-2600/HA-2602-2 .-55°C ^ Ta^+125°C 

HA-2605-5.0°C ^ Ta ^ +7S^C 

HA-2605-9.-40°C ^ Ta ^ +85°C 


Junction Temperature (Plastic Package).+150°C Storage Temperature Range.-65°C ^ Ta ^ +150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vs ±15V D.C.. Unless otherwise Specified 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 


+25°C 


Full 


Average Offset Voltage Drift Full 


Bias Current 



(NOTE 15) 
HA-2605-9 


TEMP I MIN TYP MAX I MIN TYP MAX I MIN TYP MAX I MAX 



Differential Input Resistance +25^C 100 500 

(Note 10) 


Input Noise Voltage Density +25°C 
f=r1kHz 


Input Noise Current Density +25°C 
f=1kHz 


Common Mode Range 


Full I ±11 ±12 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain +25°C 100 150 

(Notes 1,4)- 

Full 70 


Common Mode Rejection Full 80 100 

Ratio (Note 2) 


Minimum Stable Gain 


Gain Bandwidth Product +25°C 
(Note 3) 


OUTPUT CHARACTERISTICS 


80 150 


60 


74 100 


80 150 


70 


74 100 


Output Voltage Swing 
(Note 1) 


Full Power Bandwidth 
(Notes 4,11) 


I ±10 ±12 



±15 

±22 

50 

75 


±10 ±12 


±10 ±18 


50 75 


±10 

±12 

±10 

±18 

50 

75 
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Specifications HA-2600, HA-2602, HA-2605 


Electrical Specifications Vs = ±15V d.c.. unless otherwise Specified (Continued) 


PARAMETER 


TRANSIENT RESPONSE (Note 8) 



HA-2605-5 


TYP 


(NOTE 15) 
HA-2605-9 


Rise Time (Notes 1,5,6 & 7) 

+25°C 

- 

30 

60 

- 

30 

60 

- 

Overshoot (Notes 1.5,6 & 7) 

+25°C 

■ 

25 

40 

- 

25 

40 

- 

Slew Rate 
(Notes 1,5,7 & 12) 

+25°C 

±4 

±7 

- 

±4 

±7 

- 

±4 

Settling Time 
(Notes 1,5 & 14) 

+25°C 

- 

1.5 

- 

- 

1.5 

- 

- 




POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio 
(Note 9) 


NOTES: 

1. RL*2kO 

2. VcM=±10V 

3. VouT<90mV 

4. VouT=±10V 

5. Cl = 100pF 

6. VouT=±200mV 

7. Av = +1 

8. See Transient Response Test Circuits and Waveforms 

9. AVs =±5V 

10. This parameter value guaranteed by design calculations. 

11. Full Power Bandwidth guaranteed by slew rate measurement: FPBW = —-. 

12. Voot=±5V peak 

13. Absolute Maximum Ratings are limiting values applied individually beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions Is not necessarily implied. 

14. Settling time is characterized at Ay^ = -1 to 0.1% of a 10 Volt step. 

15. Typical and minimum specifications for -9 are identical to those of -5. 
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HA-2600, HA-2602, HA-2605 


Test Circuits 



FIGURE 1. TRANSIENT RESPONSE FIGURE 2. SLEW RATE 

NOTE: Measured on both positive and negative transitions from OV 
to +200mV and OV to -200mV at the output. 


V+ 



FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE FIGURE 4. SUGGESTED Vqs ADJUSTMENT AND COMPENSA¬ 

TION HOOK UP 

NOTE: Tested offset adjustment range is IVqs +1 mVI minimum referred 
to output. Typical ranges are ±1 OmV with R]- = lOOkQ 

Typical Performance Curves Vs=±i svdc, Ta=+ 25®c. unless otherwise specified 



TEMPERATURE (®C) UPPER 3dB FREQUENCY 

(LOWER 3dB FREQUENCY (10Hz)) 

FIGURE 5. INPUT BIAS CURRENT AND OFFSET CURRENT vs FIGURE 6. BROADBAND NOISE CHARACTERISTICS 

TEMPERATURE 
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VOLTAGE GAIN (dB) 


HA-2600, HA-2602, HA-2605 
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HA-2600, HA-2602, HA-2605 


Typical Performance Curves Vs * ±i5vdc, Ta = +25°c, umess otherwise specified (Continued) 



10 15 

SUPPLY VOLTAGE (V) 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (®C) 


FIGURE 11. COMMON MODE VOLTAGE RANGE vs SUPPLY FIGURE 12. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 
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FIGURE 13. COMMON MODE REJECTION RATIO vs FREQUENCY 


Typical Applications 



I 10 100 IK 10K 101 

FREQUENCY (Hz) 

FIGURE 14. NOISE DENSITY vs FREQUENCY 


SlUCON PHOTO 
DIODE 
IpsSO^ 


lesInA HA-2600: 


Vq »-R(lp ± Ib) 
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PfSOpP 


rr 

/ +2V 

/ I 



FEATURES: 

1. Constant ceil voltage 

2. Minimum bias current error 

FIGURE 15. PHOTO CURRENT TO VOLTAGE CONVERTER 


DIGITAL CONTROL 


DRIFT RATE = If C = 10OOpF 

^ Then DRIFT = 0.01 V/ps Max 

FIGURE 16. SAMPLE AND HOLD 
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HA-2600, HA-2602, HA-2605 


Typical Applications (Continued) 


IbiasV V 


► ■ t — o OUT 



FEATURES: 

1. Minimum bias current in reference ceil 

2. Short Circuit Protection 

FIGURE 17. REFERENCE VOLTAGE AMPLIFIER 


ZouT = 0.010 Max. B.W. = 12MHz. lyp. 

Slew Rate « 4V/ps Min. Output Swing ^ ±1OV Min. to 50kHz 

FIGURE 18. VOLTAGE FOLLOWER 


A small load capacitance is recommended in alt applications where practical to prevent possible high frequency oscillations resulting from 
external wiring parasitics. Capacitance up to lOOpF has negligible effect on the bandwidth or slew rate. 
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Features 

• Gain Bandwidth Product (Ay ^ 5).100MHz 

• High input Impedance.500MO 

• Low Input Bias Current.InA 

• Low Input Offset Current.InA 

• Low Input Offset Voltage.0.5mV 

• High Gain.150kV/V 

• High Slew Rate. 3SV/\is 

• Output Short Circuit Protection 

Applications 

• Video and R.F. Amplifier 

• Pulse Amplifier 

• Audio Amplifiers and Filters 

• High-Q Active RIters 

• High Speed Comparators 

• Low Distortion Oscillator 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA2-2620-2 

-55°C to +125°C 

8 Pin Can 

HA2-2622-2 

-55“C to +125®C 

8 Pin Can 

HA2-2625-5 

0°C to +75°C 

8 Pin Can 

HA3-2625-5 

0°C to +75°C 

8 Lead Plastic DIP 

HA4P2625-5 

0°C to +75°C 

20 Lead PLCC 

HA7-2620-2 

-55°C to +125°C 

8 Lead Ceramic DIP 

HA7-2622-2 

-55®Cto+125®C 

8 Lead Ceramic DIP 

HA7-2625-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA9P2625-5 

0°C to +75°C 

8 Lead SOIC 

HA9P2625-9 

-40®C to +85®C 

8 Lead SOIC 


HA-2620, HA-2622 

HA-2625 

Very Wideband, 
Uncompensated Operational Amplifiers 


Description 

I HA-2620/2622/2625 are bipolar operational amplifiers that 
I feature very high Input impedance (500MU HA-2620) 

^ coupled with wideband AC performance. The high 
resistance of the Input stage Is complemented by low offset 
^ voltage (0.5mV, HA-2620) and low bias and offset current 
^ (1 nA, HA-2620) to facilitate accurate signal processing. Input 

f offset can be reduced further by means of an external nulling 
i potentiometer. The 100MHz gain bandwidth product (HA- 
2620/2622/2625 are stable for closed loop gains greater 
than 5), 35V/ps slew rate and 150I<V/V open loop gain 
enables HA-2620/2622/2625 to perform high gain amplifica¬ 
tion of very fast, wideband signals. These dynamic 
characteristics, coupled with fast settling times, make these 
amplifiers ideally suited to pulse amplification designs as 
well as high frequency (e.g. video) applications. The 
frequency response of the amplifier can be tailored to exact 
design requirements by means of an external bandwidth , 
control capacitor connected from the Comp pin to GND. 

- In addition to its application in pulse and video amplifier 
designs, HA-2620/2622/2625 Is particularly suited to other 

1 high performance designs such as high-gain low distortion 
audio amplifiers, high-Q and wideband active filters and 
. high-speed comparators. For more information, please refer 
to Application Notes 509, 519 and 546. 

- The HA-2620 and HA-2622 are both offered as /883 Military 
Grade with the HA-2622 also available in LCC packages. 
MIL-STD-883 data sheets are available upon request. 


Pinouts 


HA-2620/22 (CDIP) 
HA-2526 (CDIP, PDIP, SOIC) 
TOP VIEW 



u COMP 

7] V+ 

e] OUT 
il BAL 


HA-2620, HA-2622, HA-2625 
(CAN) 

TOP VIEW 



HA-2625, (PLCC) 
TOP VIEW 


i ^ i 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2620, HA-2622, HA-2625 


Absolute Maximum Ratings 


Operating Temperature Ranges 


Supply Voltage (Between V+ and V- Terminals).45V Operating Temperature Range 

Differential Input Voltage.12.0V HA-2620/HA-2622-2 .-55®C ^ Ta +126®C 

Peak Output Current.Full Short Circuit Protection HA-2625-5. 0°C Ta ^ +75°C 

Junction Temperature.+175°C HA-2625-9.-40°C < Ta < +80°C 

Junction Temperature (Plastic Package).+150°C Storage Temperature Range.-65°C ^ Ta ^ +150®C 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectrical Specifications Vs = ±15VDC. Unless otherwise Specified. 


HA-2625-5, -9 



INPUT CHARACTERISTICS 


Offset Voltage 
(Note 1) 


Average Offset 
Voltage Drift 


Differential Input 
Resistance (Note 11) 


Input Noise Voltage 
Density f= 1kHz 


Input Noise Current 
Density f = 1 kHz 


Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage 
Gain (Notes 2,3) 


Common Mode Rejec¬ 
tion Ratio (Note 4) 


Minimum Stable Gain 


Gain Bandwidth Prod- +25°C 
uct (Notes 2, 5, 6) 


MAX I 




















































































































































Specifications HA-2620, HA-2622, HA-2625 


Electrical Specifications Vs ±15VDC. Unless otherwise Specified. 


PARAMETER 

TEMP 

HA-2620-2 

HA-2622-2 

HA-2625-5,-9 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


TYP 

MAX 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 
(Note 2) 

Full 

±10 

±12 

■ 

±10 

±12 

■ 

±10 

±12 

■ 

■ 

Output Current 
(Note 3) 

+25®C 

±15 

±22 

■ 

±10 

±18 

■ 

±10 

±18 

■ 

mA 

Full Power Bandwidth 
(Notes 2,3,7,12) 

+25®C 

400 

600 

■ 

320 

600 

■ 

320 

600 

■ 

kHz 

TRANSIENT RESPONSE (Note 8) 

Rise Time 
(Notes 2,7,8) 

+25°C 

■ 

17 

45 

■ 

17 

45 

■ 

17 

45 

ns 

Slew Rate 
(Notes 2,7,8,10) 

+25®C 

±26 

±35 

■ 

±20 

±35 

■ 

±20 

±35 

■ 

V/ps 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

+2S®C 

- 

3 

■a 

- 

3 

4 

- 

3 

4 

mA 

Power Supply Rejec¬ 
tion Ratio (Note 9) 

Full 

80 

90 

■ 

74 

90 

■ 

74 

90 

■ 

dB 


NOTES: 

1. Offset may be externally adjusted to zero. 

2. RL = 2kQ. 

3. VouT = ±10.0V. 

4. VcM = ±10V. 

5. VouT<90mV. 

6. 40dBGain. 

7. See Transient Response Test Circuits & Waveforms. 

8. Av =5 5 (The HA-2620 family is not stable at unity gain without external compensation). 

9. AVs = ±5V. 

10. Vout = ±5V. 

11. This parameter value guaranteed by design calculations. Slew Rate 

12. Full Power Bandwidth guaranteed by slew rate measurement: FPBW = —--. 

^’'^PEAK 

13. Absolute Maximum Ratings are limiting values applied individually beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions is not necessarily implied. 


2-378 
















































































HA-2620, HA-2622, HA-2625 



2-379 


OPERATIONAL 

AMPLIFIERS 
















HA-2620, HA-2622, HA-2625 


Test Circuits 


TRANSIENT RESPONSE 


SLEW RATE 


SLEW RATE AND SUGGESTED Vqs AD- 
TRANSIENT RESPONSE JUSTMENT AND COM¬ 
PENSATION HOOK-UP 


i200mV. 

90%. 

OUTPUT 

10%. 

ov — 


+5V. 

90%. 

OUTPUT 

10%.u. 

-5V""^ 


SLEW RATE 
*AV/AT 



>-OOUT 

COMP 

'Cc 


NOTE: Measured on both positive and negative transistions from OV to -i-200mV 
and OV to -200mV at output. 


Tested Offset Adjustment is 
IVqs + IniVI minimum 
referred to output. Typical 
range is ±10mV with Rj = 
lOOkO. 


Typical Performance Curves Vs = ±i5vdc, Ta = +25®c, unless otherwise specified. 




0 •»•25 -i-SO 

TEMPERATURE C*C) 


*75 •••100-f125 


EQUIVALENT INPUT 
- NOISE vs BANDWIDTH 

5 I I 


lOkQ SOURCE 
RESISTANCE 


FIGURE 1. INPUT BIAS CURRENT AND OFFSET CURRENT vs 
TEMPERATURE 


THERMAL NOISE OF 
10K RESISTOR 


100Hz 1kHz 10kHz 100kHz 1MHz 10M 
UPPER 3dB FREQUENCY 
LOWER 3dB FREQUENCY (10Hz) 

FIGURE 2. BROADBAND NOISE CHARACTERISTICS 


■ 

« 

■ 

2m 

■ 

■■ 

■ 

■ 

■ 

■ 

■ 


B 


gP 

■ 

HI 

■ 

■ 


B 



m 

■ 

■ 

■ 

■ 

■ 

m 

sn 

■ 

■ 

■ 

■ 

■ 

m 




10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100MHz 
FREQUENCY 

FIGURE 3. OPEN LOOP FREQUENCY AND PHASE RESPONSE 


-55 -35 -15 -1-5 ■l•25 445 -465 485 4105 4125 

TEMPERATURE (^’C) 

FIGURE 4. INPUT IMPEDANCE VS TEMPERATURE, 100Hz 
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COMMON MODE RANGE (±V) ^ PEAK VOLTAGE SWING (±V) 


HA-2620, HA-2622, HA-2625 


Typicsl PertoriYIBnCB Curves Vs = ±15VDC, = +25°C, unless otherwise Specified. (Continued) 



ivi . I- 1 - 1 - 1 , 20 '_'_'_'_'_'_ 

10kHz 100kHz 1MHz 10MHz 100MHz 10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 

FREQUENCY FREQUENCY 


FIGURE 5. OUTPUT VOLTAGE SWING vs FREQUENCY FIGURES. OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS 

VALUES OF CAPACITORS FROM COMP. PIN TO GND 

NOTE: External Compensation is required for closed loop gain < 5. 
If external compensation is used, also connect lOOpF capac¬ 
itor from output to ground. 



SUPPLY VOLTAGE (V) TEMPERATURE («C) 

FIGURE 7. COMMON MODE VOLTAGE RANGE vs SUPPLY FIGURE 8. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 
VOLTAGE 



1 10 100 IK 10K 100K 


FREQUENCY (Hz) 

FIGURE 9. NOISE DENSITY vs FREQUENCY 
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HA-2620, HA-2622, HA-2625 


Typical Applications 


2J2ka 



FIGURE 10. HIGH IMPEDANCE COMPARATOR FIGURE 11. FUNCTION GENERATOR 


5pF 



*A small load capacitance of at least 30pF (including stray capacitance) 
is recommended to prevent possible high frequency oscillations. 

FIGURE 12. VIDEO AMPLIFIER 


2-382 






® HARRIS HA-2640, HA-2645 

UV SEMICONDUCTOR * "^7 ^ 


March 1993 


Features 

• Output Voltage Swing.±35V 

• Supply Voltage.±10V to ±40V 

• Offset Current.5nA 

• Bandwidth.4MH2 

• Slew Rate.SV/^e 

• Common Mode Input Voltage Range.±35V 

• Output Overload Protection 

Applications 

• Industrial Control Systems 

• Power Supplies 

• High Voltage Regulators 

• Resolver Excitation 

• Signal Conditioning 

Ordering Information 

TEMPERATURE 

PART NUMBER _ RANGE _ PACKAGE 

HA2-2640-2 -55°C to +125°C 8 Pin TO-99 Can 


0°C to +75°C 


8 Pin TO-99 Can 


High Voltage Operational Amplifiers 


Description 

HA-2640 and HA-2645 are monolithic operational amplifiers 
which are designed to deliver unprecedented dynamic spec¬ 
ifications for a high voltage internally compensated device. 
These dielectrically isolated devices offer very low values for 
offset voltage and offset current coupled with large output 
voltage swing and common mode input voltage. 

For maximum reliability, these amplifiers offer unconditional 
output overload protection through current limiting and a chip 
temperature sensing circuit. This sensing device turns the 
amplifier “off”, when the chip reaches a certain temperature 
level. 

These amplifiers deliver ±35V common mode input voltage 
range, ±35V output voltage swing, and up to ±40V supply 
range for use in such designs as regulators, power supplies, 
and industrial control systems. 4MHz gain bandwidth and 
5V/ps slew rate make these devices excellent components 
for high performance signal conditioning applications. Out¬ 
standing input and output voltage swings coupled with a low 
5nA offset current make these amplifiers excellent compo¬ 
nents for resolver excitation designs. 



-55°C to +125°C 8 Lead Ceramic DIP 


0°Cto+75®C 


8 Lead Ceramic DIP 


Pinouts 


HA-264Q/2645 
(CDIP) 
TOP VIEW 


HA-264(V2645 
(TO-99 CAN) 
TOP VIEW 




(TO-99 CASE VOLTAGE » V-) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2640, HA-2645 


Absolute Maximum Ratings (Note 12 ) 


Operating Conditions 


Voltage Between V+ and V- Terminals.100V Operating Temperature Range 

Differential Input Voltage Range.37V HA-2640-2.-55°C ^ Ta ^ +125°C 

Output Current.Full Short Circuit Protection HA-2645-5.0°C ^ T^ < +75°C 

Junction Temperature.+175°C Storage Temperature Range.-65°C ^ T^ ^ +150°C 

Lead Temperature (Soldering 10 Sec.).+300®C Thermal Package Characteristics (°C/W) 0ja Gjc 

Ceramic DIP. 114 34 

Can. 108 33 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsupply ~ ±40V, = SkO, Unless otherwise Specified 


HA-2640>2 
-55®C to +125®C 

PARAMETER TEMP MIN 


INPUT CHARACTERISTICS 


Average Offset Voltage Drift 


Bias Current 


Offset Current 


Input Resistance (Note 10) 


Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 8) 


Common Mode Rejection Ratio (Note 1) 


Minimum Stable Gain 


Unity Gain Bandwidth (Note 2) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


Output Current (Note 9) 


Output Resistance 


Full Power Bandwidth (Notes 3 & 11) 


TRANSIENT RESPONSE (Note 7) 


Rise Time (Notes 4 & 6) 


Overshoot (Notes 4 & 6) 


Slew Rate (Note 6) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Offset Voltage 

+25°C 


Full 
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HA-2640, HA-2645 


Electrical Specifications Vsupply = ±40V, - SkO, Unless otherwise Specified (Continued) 


Power Supply Rejection Ratio (Note 5) I Full I 80 I 90 | - I 74 I 90 | • I dB 


HA-2640>2 

•55®Cto+125®C 



HA-2645-5 
0®C to +75®C 



TYP MAX I MIN TYP MAX I UNITS 


±40 I ±10 


NOTES: 

1. Vcm = ±20V 

2. VouT = 90mV 

3. Vout = ±35V 

4. Vqut = ±200mV 

5. Vs = ±10Vto±40V 

6. Av = +1 

7. Cl = 50pF, Rl = 5kQ 

8. Vout = ±30V 

9. RL=1ki2 

10. This parameter based upon design calculations. 

11. Full Power Bandwidth guaranteed based upon slew rate measurement: FPBW = S.R727 cVpeak; Vpeak = 35V. 

12. Absolute Maximum Ratings are limiting values applied individually beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions is not necessarily implied. 


Schematic Diagram 



Rl < < R5 < R6 <^R7 .^R8 I 


►R25 MTQSI Q18>-ttQ29 






Q41>HrQ44 


O93WCQ10 


ca 


' Q25 1^ Q26 


Q51 I Q56 


\n\ 


2<IN 6 6 5 6 1 

BAL BAL 
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HA-2640, HA-2645 


Test Circuits and Switching Waveform 




COMP 

CAP 


Tested offset adjustment range 
is IVqs +1mVi minimum referred 
to output. Typicai range is 
±20mV with Rt« 1 Oka 


FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST 
CIRCUIT 


FIGURE 2. SUGGESTED Vqs ADJUSTMENT AND COMPENSA¬ 
TION HOOK UP 



Rl = 5K, Cl = 50pF, T^ = +25®C. Vg = ±40V 
Vertical = lOV/Div. 

Horizontal = 5tis/Dlv. 


FIGURE 3. VOLTAGE FOLLOWER PULSE RESPONSE 



INPUT NOISE CURRENT (pA/VHz) 































HA-2640. HA-2645 
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SUPPLY CURRENT (mA) 


HA-2640, HA-2645 


Typical Performance Curves v+ =* v- =4ovdc, =+25®c, unless otherwise specified (Continued) 



10 15 20 25 30 35 40 10 15 20 25 30 35 40 


SUPPLY VOLTAGE (±V) SUPPLY VOLTAGE (±V) 

FIGURE 12. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 13. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE 
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HA-2705 


March 1993 


Low Power, High Performance 
Operational Amplifier 


Features 

• High Slew Rate. 

• Low Power Dissipation. 

• High Open Loop Gain. 

• Low Input Bias Current. 

• Low Offset Voltage. 

• HighCMRR. 

• Wide Power Supply Range. 

• Fully Internally Compensated 

• Output Short Circuit Protected 

• Offset Null Capability 

Applications 

• Instrumentation 

• Battery Powered Circuits 

• Portable Instruments 

• Remote Data Logging 


.20V/^is 

..2.25mWat±15.0V 
.aOOkVAf (RL*2kQ) 

.5nA 

.ImV 

...106dB 

.... ±5.5V to ±20.0V 


Description 

The HA-2705 is a general purpose amplifier which operates 
at very low power levels without compromising large signal 
response characteristics or output drive capability. Advanced 
circuit design techniques and the use of vertical NPN and 
PNP transistors make possible the attainment of very high 
gain with a single stage of voltage amplification. This 
ensures closed loop stability even in the critical unity gain 
follower mode, without the use of external compensation 
components. 

The circuit is intended for use in applications that require fast 
large signal response with low power dissipation and for 
instrumentation applications in which low offset voltage, low 
bias current drift, large voltage gain and high common mode 
rejection are necessary. Full output short circuit protection 
and the large differential input breakdown enable the device 
to withstand a variety of fault conditions. 

For military grade product, please refer to the HA-2700/883 
datasheet. 

Ordering Information 


PART 

NUMBER 

HA3-2705-5 

HA9P2705-5 

HA2-2705-5 


TEMPERATURE 

RANGE 


PRODUCT 

DESCRIPTION 


0°C to +70°C 8 Lead Plastic DIP 

0®C to +70°C 8 Lead SOIC 

0®C to +70°C 8 Pin TO-99 Metal Can 



Pinouts 


HA-2705 
(PDIP, SOIC) 
TOP VIEW 



iJ BAL(NOTEI) 

7] V+ 

il OUT 


HA-2705 

(TO-99 METAL CAN) 
TOP VIEW 

BAL (NOTE 1) 


BAL m 




4N W 


'—( 

^ OUT 

+IN Kl 



/ 

NC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2705 


Absolute Maximum Ratings 


Operating Conditions 



Voltage Between V+ and V- Terminals. 

.44.0 V 

HA-2705-5. 

.... 0®C^T 

a^+75°C 

Differential Input Voltage. 

.18V 

Storage Temperature Range. 

VI 

O 

^+150°C 

Input Voltage. 

.V+toV- 

Thermal Resistance (°C/W). 

0JA 

0JC 

Junction Temperature (Hermetic). 

.+175®C 

Plastic DIP Package. 

94 

32 

Junction Temperature (Plastic Package). 

.+150°C 

SOIC Package. 

157 

43 

Lead Temperature (Soldering 10s). 

. +300°C 

TO-99 Metal Can. 

114 

35 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 




Electrical Specifications V-I- = +15V. V- -15V, Rl = 5kn Unless otherwise Specified. 



NOTES: 

1. Can be adjusted to zero with 1MQ potentiometer between Pins 1 and 8 with the wiper to V+. 

2. RL = 2kn,CL=100pf 

3. Vo = ±10.0V 

4. Vcm = ±5.0V 

5. Vs = ±10.0Vto±20.0V 

6. Av = 5 









































































































HA-2705 


Die Characteristics 

DIE DIMENSIONS: 

70x60x 19± 1mils 

METALLIZATION: 

Type: Al, 1% Cu 
Thickness: 16 kA± 2 kA 

GLASSIVATION: 

Type: Nitride (Si 3 N 4 ) over Silox (Si02, 5% Phos) 
Silox Thickness: 12kA±2kA 
Nitride Thickness: 3.5kA ± 2kA 

DIE ATTACH: 

Material: Silver Epoxy - Plastic DIP and SOIC 
Silver Epoxy - TO-99 Metal Can 

Metallization Mask Layout 
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HA-2839 


March 1993 


Very High Slew Rate Wideband 
Operational Amplifier 


Features 

• Low Supply Current. 

• Very High Slew Rate. 

• Open Loop Gain. 

• Wide Gain-Bandwidth (Av^ 10) 

• Full Power Bandwidth. 

• Low Off set Voltage. 


• Differential Gain/Phase.0.03%/0.03' 

• Enhanced Replacement for EL2039 

Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• RF Oscillators 


Description 

.. 13mA The HA-2839 is a wideband, very high slew rate, operational 
amplifier featuring superior speed and bandwidth character- 
' ® istics. Bipolar construction, coupled with dielectric isolation, 

. 25kVA( delivers outstanding performance in circuits with a closed 

_ loop gain of 10 or greater. 

600MHz 

A 625V/ps slew rate and a 600MHz gain bandwidth product 
■ ensure high performance in video and RF amplifier designs. 

..0.6mV Differential gain and phase are a low 0.03% and 0.03° 
^ respectively, making the HA-2839 ideal for video 
l%/0.03 applications. A full ±10V output swing, high open loop gain, 
and outstanding AC parameters, make the HA-2839 an 
excellent choice for high speed Data Acquisition Systems. 

The HA-2839 is available in commercial and Industrial 
temperature ranges, and a choice of packages. For military 
grade product, refer to the HA-2839/883 data sheet. 

Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE 

0°C to +75°C 
0°C to +75°C 
-40°C to +85°C 
-40°Cto+85°C 


14 Lead Ceramic DIP 
14 Lead Plastic DIP 


14 Lead Ceramic DIP 
14 Lead Plastic DIP 


Pinout 


HA-2839 
(CDiP, PDIP) 
TOP VIEW 



NOTE: (NC) No Connection pins may be tied to a ground 
plane for better isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2839 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Voltage Between V+ and V- Terminals.35V Operating Temperature Range 


Differential Input Voltage.6V 

Output Current.50mA 

Internal Quiescent Power Dissipation (Note 2) 


HA-2839-5. 0®C ^ T^ ^ +75®C 

HA-2839-9.-40°C ^ T^ < +85°C 

Recommended Supply Voltage Range.±7V to ± 15V 


Junction Temperature.+175°C Storage Temperature Range.-65°C ^ T^^ ^ +150°C 

Junction Temperature (Plastic Package).+150°C Thermal Package Characteristics (®C/W) 0j;^ GjO 


Lead Temperature (Soldering 10 Sec.).+300°C 


Ceramic DIP Package. 
Plastic Dip Package... 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsupply = ±1 5V, Rl = 1 kO, Cl ^ 10pF, unless otherwise specified. 


HA-2839-5,-9 


TEMPERATURE 


INPUT CHARACTERISTICS 


Offset Voltage (Note 13) 


Average Offset Voltage Drift 


Bias Current (Note 13) 


Input Resistance 


input Capacitance 


Common Mode Range 


Input Noise Voltage (f = 1kHz, Rsource = Note 13) 


Input Noise Current (f = 1kHz, Rsource = lOk^^i Note 13) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


Common-Mode Rejection Ratio (Notes 4,13) 


Minimum Stable Gain 


Gain Bandwidth Product (Notes 5,12,13) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Notes 3,13) 


Output Current (Notes 3,13) 


Output Resistance 


Full Power Bandwidth (Notes 3,7) 


Differential Gain (Notes 6,11) 


Differential Phase (Notes 6,11) 
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Specifications HA-2839 


Electrical Specifications y supply ^ R,. » IkO. Cl ^ lOpF, unless otherwise Specified. (Continued) 


PARAMETER 

TEMPERATURE 

1 TRANSIENT RESPONSE (Note 8) 

Rise Time 

+25°C 

Overshoot 

+25°C 

Slew Rate (Notes 3,10,13) 

+25°C 

Settling Time: 10V Step to 0.1% 

+25®C 


HA-2839-5, 

•9 

1 MIN 

TYP 

MAX 


POWER REQUIREMENTS 


Supply Current (Note 13) 

Full 

Power Supply Rejection Ratio (Notes 9,13) 

Full 




NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily implied. 

2. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below +175°C for 
ceramic packages and below +150°C for plastic packages. 

3. Rl = 1 kQ, Vo = ±1OV, OV to ±1OV for slew rate. 

4. VcM = ±10V. 

5. Vo = 90mV. 

6. Av = +10. 

Slew Rate 

7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = -; (Vp^^j^ = 10V). 

8. Refer to Test Circuit section of data sheet. PEAK 

9- VsuppLY = ±10VDCto±20VDC. 

10. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

11. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. 

12. Ay, = +100. 

13. See “Typical Performance Curves" for more Information. 

14. Vo = 2Vp.p,f=1MHz. 
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HA-2839 


Test Circuit 


TEST CIRCUIT 



Vs=±15V 
Av = +10 
Cl<10pF 


LARGE SIGNAL RESPONSE 

Input =: 1 V/Div. 

Output = 5V/DIV. 
50ns/Dlv. 


SMALL SIGNAL RESPONSE 
Inputs 10mV/Div. 
Output = 100mV/Dlv. 
50ns/Dlv. 


> liMJ 







. 


r. 






















' j 






SETTLING TIME TEST CIRCUIT 


SETTLING 

POINT 



PROBE 

MONITOR 


• Av = -10 

• Load Capacitance should be less than 10pF. 

• It is recommended that resistors be carbon composition 
and that feedback and summing network ratios be 
matched to 0.1%. 

• SETTLING POINT (Summing Node) capacitance should 
be less than lOpF. For optimum settling time results, it is 
recommended that the test circuit be constructed directly 
onto the device pins. A Tektronix 568 Sampling 
Oscilloscope with S-3A sampling heads is recommended 
as a settle point monitor. 
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HA-2839 


Die Characteristics 

DIE DIMENSIONS: 

65 x52x 19± 1mils 
(1650 X 1310 x483^lm) 

METALLIZATION: 

Type: Aluminum. 1% Copper 
Thickness: 1 6kA ± 2kA 

GLASSIVATION: 

Type: Nitride over Silox 
Silox Thickness: 1 2kA ± 2kA 
Nitride thickness: 3.5kA ± IkA 


Metallization Mask Layout 


DIE ATTACH: 

Material: Epoxy-Plastic DIP 

Gold Eutectic-Ceramic DIP 

WORST CASE CURRENT DENSITY: 

1.3 X10^ A/cm^ at 3.4mA 

SUBSTRATE POTENTIAL (POWERED UP): V- 

TRANSISTOR COUNT: 34 

PROCESS: High Frequency Bipolar Dielectric Isolation 


139711 


lnL[ L. rJ[jP 


. I. 


I- ‘ , i 

Jrl 


M*- 

3Sa 4 
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POSITIVE OUTPUT SWING (V) ^ INPUT BIAS CURRENT OiA) SLEW RATE (V/(xs) 













OUTPUT VOLTAGE SWING (Vp.p) 


HA-2839 




FIGURE 15. INTERMODULATION DISTORTION vs FREQUENCY 
TWO TONE 
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HA-2840 


March 1993 


Very High Slew Rate Wideband 
Operational Amplifier 


Features 

• Low Supply Current. 

• Very High Slew Rate. 

• Open Loop Gain..... 

• Wide Gain-Bandwidth (Av ^ 10) .... 

• Full Power Bandwidth. 

• Low Off set Voltage. 

• Differential Gain/Phase. 

• Enhanced Replacement for EL2039 

Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• RF Oscillators 


. 13mA 

... 625V/H8 
.... 25kV/V 
... 600MHz 
.... 10MHz 

.0.6mV 

0.03%/0.03® 


Description 

The HA-2840 is a wideband, very high slew rate, operational 
amplifier featuring superior speed and bandwidth character¬ 
istics. Bipolar construction, coupled with dielectric isolation, 
delivers outstanding performance in circuits with a closed 
loop gain of 10 or greater. 

A 625V/ps slew rate and a 600MHz gain bandwidth product 
ensure high performance in video and RF amplifier designs. 
Differential gain and phase are a low 0.03% and 0.03° 
respectively, making the HA-2840 ideal for video 
applications. A full ±10V output swing, high open loop gain, 
and outstanding AC parameters, make the HA-2840 an 
excellent choice for high speed Data Acquisition Systems. 

The HA-2840 is available in commercial and industrial 
temperature ranges, and a choice of packages. See the 
“Ordering Information” below for more information. For mili¬ 
tary grade product, refer to the HA-2840/883 data sheet. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA1-2840-5 

0°C to +75°C 

14 Lead Ceramic DIP 

HA3B2840-5 

0°C to +75°C 

14 Lead Plastic DIP 

HA7-2840-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA3-2840-5 

0°C to +75°C 

8 Lead Plastic DIP 

HA9P2840-5 

0°C to +75°C 

8 Lead SOIC 

HA1-2840-9 

-40°C to +85°C 

14 Lead Ceramic DIP 

HA3B2840-9 

-40°C to +85°C 

14 Lead Plastic DIP 

HA7-2840-9 

-40°Cto+85°C 

8 Lead Ceramic DIP 

HA3-2840-9 

-40°C to +85°C 

8 Lead Plastic DIP 


Pinouts 


HA-2840 

(CDiP, PDIP, SOIC) 
TOP VIEW 



HA-2840 
(CDIP, PDIP) 
TOP VIEW 



NOTE: (NO) No Connection pins may be tied to a ground plane for better isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should folbw proper I.C. Handling Procedures. 
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Specifications HA~2840 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Voltage Between V+ and V- Terminals.35V Operating Temperature Range 


Differential Input Voltage.6V 

Output Current.50mA 

Internal Quiescent Power Dissipation (Note 2) 


HA-2840-5 . 0°C ^ Ta ^ +75°C 

HA-2840-9.-40°C ^ T^ ^ +85°C 

Recommended Supply Voltage Range.±7V to ±15V 


Junction Temperature.+175°C Storage Temperature Range.-65°C T^ ^ +150°C 

Junction Temperature (Plastic Package).+150°C Thermal Package Characteristics (°C/W) OjC 


Lead Temperature (Soldering 10 Sec.).. ..+300®C 


14 Lead Ceramic DIP Package. 
14 Lead Plastic DIP Package .. 
8 Lead Ceramic DIP Package.. 
8 Lead Plastic DIP Package ... 
8 Lead SOIC. 


CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This Is a stress only rating and operation 
of the device at these or any other conditions above diose indicated in the operational sections of this specification is not implied. 


Eiectricai Specifications Vsupply = ^15V, Rl = Iku Cl ^ lOpF, Unless otherwise Specified. 


HA-2840-5,-9 


PARAMETER 


TEMPERATURE 


INPUT CHARACTERISTICS 


OffsetVoltage(Note13) 


Average Offset Voltage Drift 


Bias Current (Note 13) 


input Resistance 


Input Capacitance 


Common Mode Range 


Input Noise Voltage (f = 1kHz, Rsource = Note 13) 


Input Noise Current (f = 1kHz, Rsource = Note 13) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


Common-Mode Rejection Ratio (Notes 4,13) 


Minimum Stable Gain 


Gain Bandwidth Product (Notes 5,12,13) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Notes 3,13) 


Output Current (Notes 3,13) 


Output Resistance 


Full Power Bandwidth (Notes 3,7) 


Differential Gain (Notes 6,11) 


Differential Phase (Notes 6,11) 


Harmonic Distortion (Notes 6,13,14) 



CM 
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Specifications HA-2840 


Electrical Specifications y supply = Rl = Iko, Cl^ lOpR unless otherwise Specified. (Continued) 


PARAMETER 

TEMPERATURE 

TRANSIENT RESPONSE (Note 8) 

Rise Time 

+25°C 

Overshoot 

+25°C 

Slew Rate (Notes 3,10,13) 

+25°C 

Settling Time: 10V Step to 0.1% 

+25°C 


HA-2840-5, 

-9 

1 MIN 

TYP 

MAX 


POWER REQUIREMENTS 


Supply Current (Note 13) 

Full 

Power Supply Rejection Ratio (Notes 9,13) 

Full 




NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below +175*^0 for ce¬ 
ramic packages and below +150°C for plastic packages. 

3. Rl = IkQ, Vo = ±10V, OV to ±10V for slew rate. 

4. VcM=±10V. 

5. Vo = 90mV. 

6. Ay = +10. 

7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = -; (Vp^^l^ = 10V). 

8. Refer to Test Circuit section of datasheet. PEAK 

9- VsuppLY = ±10VDCtO±20VDC. 

10. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

11. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. 

12. Ay = +100. 

13. See Typical Performance Curves" for more Information. 

14. Vo = 2Vp.p,f = 1MHz. 
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HA-2840 


Test Circuit 


TEST CIRCUIT 



NOTE: 

Vs = ±15V 
Av = +10 
Cl<10pF 


LARGE SIGNAL RESPONSE 
Input = 1 V/DIv. 

Output = 5V/Div. 
50ns/Dlv. 
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SMALL SIGNAL RESPONSE 

Input = lOmV/Div. 
Output = lOOmV/Div. 
60ns/Div. 
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SETTLING TIME TEST CIRCUIT 


SETTLING 

POINT 



PROBE 

MONITOR 


• Av = -10 

• Load Capacitance should be less than 10pR 

• It is recommended that resistors be carbon composition 
and that feedback and summing network ratios be 
matched to 0.1%. 

• SETTLING POINT (Summing Node) capacitance should 
be less than lOpF. For optimum settling time results, it is 
recommended that the test circuit be constructed directly 
onto the device pins. A Tektronix 568 Sampling 
Oscilloscope with S-3A sampling heads Is recommended 
as a settle point monitor. 
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HA-2840 


Die Characteristics 

DIE DIMENSIONS: 

65 x 52x19±1tnils 
(1650 X 1310 x 483nm) 

METALLIZATION: 

Type: Aluminum. 1% Copper 
Thickness: 16kA ± 2kA 

GLASSIVATION: 

Type: Nitride over Silox 
Silox Thickness: 12kA ± 2kA 
Nitride thickness: 3.5kA ± 1 kA 


Metallization Mask Layout 


DIE ATTACH: 

Material: Epoxy-Plastic DIP 

Gold Eutectic-Ceramic DIP 

WORST CASE CURRENT DENSITY: 

1.3 x 10® A/cm^ at 3.4mA 

SUBSTRATE POTENTIAL (POWERED UP): V- 

TRANSISTOR COUNT: 34 

PROCESS: High Frequency Bipolar Dielectric isolation 


139711 "I 


IP 3971 90 


I I 


r-rr ' 4^ 
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HA-2840 



FREQUENCY (Hz) 

FIGURE 1. FREQUENCY RESPONSE FOR VARIOUS GAINS 


3 14 15 

SUPPLY VOLTAGE (±Y) 

FIGURE 2. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE 
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HA-2840 


Typical Performance Curves = +25°C, Vsupply = Rl = Ikn, Cl < lOpF, unless otherwise specified (Continued) 

25 1 - -- - - - - - - 
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SEMICONDUCTOR 


HA-2841 


March 1993 


Wideband, Fast Settling, Unity Gain Stable, 
Video Operational Amplifier 


Features 

• Low Supply Current.10mA 

• Low AC Variability Over Process and Temperature 

• Unity Gain Bandwidth.50MHz 

• Gain Flatness to 10MHz.O.OSdB 

• High Slew Rate. 240V/^s 

• Low Offset Voltage.ImV 

• Fast Settling Time (0.1%).90ns 

• Differential Gain/Phase.0.03%/0.03^ 

• Enhanced Replacement for AD841 and EL2041 

Applications 

• Pulse and Video Amplifiers 

• Wideband Ampiifiers 

• High Speed Sampie-Hoid Circuits 

• Fast, Precise D/A Converters 

• High Speed A/D Input Buffer 


Pinouts 


HA-2841 
(PDIP) 
TOP VIEW 



Description 

The HA-2841 is a wideband, unity gain stabie. operatbnal amplifier fea¬ 
turing a 50MHz unity gain bandwidth, and excellent DC specifications. 
This amplifier’s performance is further enhanced through stabie opera¬ 
tion down to closed loop gains of +1, the incluston of offset null controls, 
and by its excellent video performance. 

The capabilities of the HA-2841 are ideally suited for high speed pulse 
and video amplifier circuits, where high slew rates and wide bandwidth 
are required. Gain flatness of 0.05dB, combined with differential gain 
and phase specifications of 0.03%, and 0.03 degrees, respectively, 
make the HA-2841 ideal for component and composite video applica¬ 
tions. 

A zener/nichrome based reference drcuit, coupled with advanced laser 
trimming techniques, yields a supply current with a low temperature 
coefficient and low lot-to-lot variability. Tighter Icc control translates to 
more consistent AC parameters ensuring that units from each tot per¬ 
form the same way, and easing the task of designing systems for wide 
temperature ranges. Critical AC parameters. Slew Rate and Bandwidth, 
each vary by less than ±5% over the industrial temperature range (see 
characteristic curves). 

For military grade product, refer to the HA-2841/883 data sheet. 


Ordering Information 

PART NUMBER TEMPERATURE RANGE 
HA3B2841 -5 0°C to +75°C 


HA3B2841-5 

HA3-2841-5 

HA9P2841-5 

HA3B2841-9 

HA3-2841-9 


0°C to +75°C 
0®C to +75®C 
-40°C to +85°C 
-40OC to +85°C 


PACKAGE 

14 Lead Plastic DIP 
8 Lead Plastic DIP 
8 Lead SOIC 
14 Lead Plastic DIP 
8 Lead Plastic DIP 



HA-2841 
(PDIP, SOIC) 
TOP VIEW 


BAL [T 


J} BAL 

-IN [T 


7 ] V+ 

+IN [T 

_pn_ 

T] OUT 

V- [T 


7] NC 


NOTE: (NC) No Connection pins may be tied to a ground plane for better isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2841 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Voltage Between V+ and V- Terminals.35V Operating Temperature Range 


Differential Input Voltage.6V 

Output Current (Note 6).50mA 


Junction Temperature (Note 11). 


.6V HA-2841 -5.0°C 5 Ta ^ +75°C 

.50mA HA-2841 -9.-40°C S Ta ^ +85°C 

10mA (50% Duty Cycle) Recommended Supply Voltage Range.±6.5V to ±15V 

.+175®C Storage Temperature Range.-65°C ^ Ta ^ +150°C 


Junction Temperature (Plastic Package). 

. +150°C 

Thermal Package Characteristics (°C/W) 

0JA 

OjC 

Lead Temperature (Soldering 10 Sec.). 

. +300°C 

14 Lead Plastic DIP Package. 

89 

28 



8 Lead Plastic Dip Package. 

92 

30 



8 Lead SOIC Package. 

157 

42 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectricai Specifications VsuppLy » ±15V, R^. = Ikn, C,.^ lOpF, unless otherwise Specified. 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage (Note 13) 


Average Offset Voltage Drift 


Bias Current (Note 13) 


Average Bias Current Drift 


Offset Current 


Input Resistance 


Input Capacitance 


Common Mode Range 


Input Noise Voltage (lOHz to 1MHz) 


Input Noise Voltage (f = 1kHz, Rsource = 0^) (Note 13) 


Input Noise Current (f = 1kHz, Rsource = lOkO) (Note 13) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


Common-Mode Rejection Ratio (Notes 4,13) 


Minimum Stable Gain 


Gain Bandwidth Product (Notes 5,13) 


Gain Flatness to 5MHz (R,. ^ 750) (Note 13) 


Gain Flatness to 10MHz (Rl ^ 5001:2) (Note 13) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 13) 


Output Current (Notes 6,13) 


Output Resistance 


Full Power Bandwidth (Notes 3 and 7) 


Differential Gain (Notes 2,13) 


Differential Phase (Notes 2,13) 


TEMPERATURE 


HA-2841-5, >9 



mA 


Q 


MHz 


% 


Degrees 
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Specifications HA-2841 


Electrical Specifications Vsupply ^ Rl = Iko, Cl ^ lOpF, unless otherwise Specified. (Continued) 


TEMPERATURE 


HA-2841-5. 

-9 

1 MIN 

TYP 

MAX 



PARAMETER 


OUTPUT CHARACTERISTICS (Continued) 


Harmonic Distortion (Notes 10,13) 


TRANSIENT RESPONSE (Note 8) 


Rise Time 


Overshoot 


Slew Rate (Notes 12,13) 


Settling Time: 10V Step to 0.1% 


POWER REQUIREMENTS 


Supply Current (Note 13) 


Power Supply Rejection Ratio (Notes 9,13) 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. Differential gain and end phase are measured with a VM700A video tester, using a NTC-7 composite VITS. Rp = R, = 1K, Rl = 7000. 

3. Vo = ±10V. 

4. VcM = ±10V. 

5. Avcl = '1^0, Measured at unity gain crossing. 

6. Vo = ±10V, Rl unconnected. Output duty cycle must be reduced if Iqut >10mA. si w R t 

7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = —--; (Vp^ a w' = 10V). 

27CVpp.,^ rtMiv 

8. Refer to Test Circuit section of data sheet. rcMrw 

9- Vsupply = ±10VDC to ±20VDC. 

10. Vo = 2Vp-p; f = 1MHz; A^ = +1. 

11. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below h-ISO^’C for 
plastic packages. 

12. Av = +1. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

13. See “Typical Performance Curves” for more information. 
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HA-2841 


Test Circuit 


TEST CIRCUIT 


Vs=±15V 
Av = +1 
Cl<10pF 


LARGE SIGNAL RESPONSE 

Input = 5V/Div. 

Output = 5V/Div. 
50ns/Div. 



SMALL SIGNAL RESPONSE 

Inputs lOOmV/Div. 
Output s lOOmV/Div. 
50ns/Div. 


j ' - ' 





' i 



i 1 


i ^ • i 1 ^ * S i 

.j.. 

%mm -if;}: 


CM 


Settling Time Test Circuit 



SETTUNG 

POINT 


• Av = -1 

• Load Capacitance should be less than 10pF. 

• Feedback and summing resistors must be matched to 
0 . 1 %. 

• Tektronix P6201 FET probe used at settling point. 

• HP5082-2810 clipping diodes recommended. 


Suggested Offset Voltage Adjustment 
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HA-2841 


Die Characteristics 

DIE DIMENSIONS: 

77x81 X 19 ±1mils 
(1960 X 2060 x 483^lm) 

METALLIZATION: 

Type: Aluminum. 1% Copper 
Thickness: 16kA±2kA 

GLASSIVATION: 

Type: Nitride over Silox 
Silox Thickness: 12kA±2kA 
Nitride thickness: 3.5kA ± IkA 


DIE ATTACH: 

Material: Epoxy-Plastic DIP and SOIC 

WORST CASE CURRENT DENSITY: 

1.2 X 10® A/cm^ at 9.7mA 

SUBSTRATE POTENTIAL (POWERED UP): V- 

TRANSISTOR COUNT: 43 

PROCESS: High Frequency Bipolar Dielectric Isolation 


Metaiiization Mask Layout 
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HA-2841 


Typical Performance Curves \ = +25°c, Vsupply=± i5v, Rl * iku Cl < lopF, unless otherwise specified 
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FIGURE 1. FREQUENCY RESPONSE FOR VARIOUS GAINS 
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SUPPLY VOLTAGE (±V) 

FIGURE 2. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE 
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FIGURE 3. GAIN BANDWIDTH PRODUCT vs TEMPERATURE 
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FIGURE 4. CMRR vs FREQUENCY 
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POSITIVE OUTPUT SWING (V) INPUT BIAS CURRENT (mA) SLEW RATE (VM 


HA-2841 


Typical Performance Curves = +25°C, Vsupply = ±15V, Rl = IKU Cl < 10pF, unless otherwise specified (Continued) 


NEGATIVE 
SLEW RATE 


-60 -40 -20 0 •I•20 440 *60 4-80 4-100 4-120 4-140 

TEMPERATURE (®C) 

FIGURE 7. SLEW RATE V8 TEMPERATURE 
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L POSITIVE 
SLEW RATE 
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SUPPLY VOLTAGE (±V) 

FIGURES. SLEW RATE VS SUPPLY VOLTAGE 


OFFSET — 1-0 5* 


BIAS 

CURRENT 


3.01-1-1-1—J-1-1-1-1-L-1 -1.5 

•60 -40 -20 0 4.20 440 *60 *60 4-100 4-120 4-140 

TEMPERATURE (®C) 

IGURE 9. INPUT OFFSET VOLTAGE AND INPUT BIAS 
CURRENT VS TEMPERATURE 
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FIGURE 11. POSITIVE OUTPUT SWING vs TEMPERATURE 
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FIGURE 10. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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FIGURE 12. NEGATIVE OUTPUT SWING vs TEMPERATURE 
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HA-2841 


Typical Applications (Also see Application Note 550) 
Application 1 

High power amplifiers and buffers are in use in a wide variety 
of applications. Many times the “high power*’ capability Is 
needed to drive large capacitive loads as well as low value 
resistive loads. In both cases the final driver stage is usually 
a power transistor of some type, but because of their inher¬ 
ently low gain, several stages of pre-drivers are often 
required. The HA-2841, with its 15mA output rating, is pow¬ 
erful enough to drive a power transistor without additional 
stages of current amplification. This capability Is well demon¬ 
strated with the high power buffer circuit In Figure 19. 

The HA-2841 acts as the pre-driver to the output power tran¬ 
sistor. Together, they form a unity gain buffer with the ability 
to drive three 50^2 coaxial cables in parallel, each with a 
capacitance of 2000pF. The total combined load is 16.6Q 
and eooOpF capacitance. 


Application 2 
Video 

One of the primary uses of the HA-2841 is in the area of 
video applications. These applications include signal con¬ 
struction, synchronization addition and removal, as well as 
signal modification. A wide bandwidth device such as the 
HA-2841 is well suited for use in this class of amplifier. This, 
however, is a more involved group of applications than ordi¬ 
nary amplifier applications since video signals contain pre¬ 
cise DC levels which must be retained. 

The addition of a clamping circuit restores DC levels at the 
output of an amplifier stage. The circuit shown in Figure 20 
utilizes the HA-5320 sample and hold amplifier as the DC 
clamp. Also shown is a 3.57MHz trap in series, which will 
block the color burst portion of the video signal and allow the 
DC level to be amplified and restored. 



^ LOAD 16.60; 6000pF 
OR 12.50; 6000pF 


FIGURE 19. DRIVING POWER TRANSISTORS TO GAIN 
ADDITIONAL CURRENT BOOSTING 


3.57MHz C JL > 
TRAP E T 


HA-5320 

jVjJ 



lI 



FIGURE 20. VIDEO DC RESTORER 


Prototyping Guidelines 

For best overall performance in any application, It is recom¬ 
mended that high frequency layout techniques be used. This 
should include: 

1. Mounting the device through a ground plane. 

2. Connecting unused pins (NC) to the ground plane. 

3. Mounting feedback components on Teflon standoffs and/ 
or locating these components as close to the device as 
possible. 

4. Placing power supply decoupling capacitors from device 
supply pins to ground. 
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Features 


Wideband, High Siew Rate, High Output Current, 

Video Operational Amplifier 


• Stable at Gains of 2 or Greater 

• Low AC Variability Over Process and Temperature 

• Gain Bandwidth.80MHz 

• Gain Flatness to lOMHz.0.035dB 

• High Slew Rate. 400V/|xs 

• High Output Current (Min).100mA 

• Differential Gain/Phase.0.02%/0.03^ 

• Low Supply Current (Max).15mA 

• Enhanced Replacement for AD842 

Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• Coaxial Cable Drivers 

• Fast Sample-Hold Circuits 

• High Frequency Signai Conditioning Circuits 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA3B2842-5 

0°C to +75°C 

14 Lead Plastic DIP 

HA3-2842-5 

O^C to + 750 C 

8 Lead Plastic DIP 

HA9P2842-5 

0°C to +75°C 

8 Lead SOIC 

HA3-2842C-5 

0°C to +75°C 

8 Lead Plastic DIP 

HA9P2842C-5 

0°C to +75°C 

8 Lead SOIC 

HA3B2842-9 

-40°C to +85°C 

14 Lead Plastic DIP 

HA3-2842-9 

-40°C to +85°C 

8 Lead Plastic DIP 


Description 

The HA-2842 is a wideband, high slew rate, operational 
amplifier featuring an outstanding combination of speed, 
bandwidth, and output drive capability. This amplifier’s per¬ 
formance is further enhanced through stable operation down 
to closed loop gains of +2, the inclusion of offset null con¬ 
trols, and by Its excellent video performance. 

The capabilities of the HA-2842 are ideally suited for high 
speed cable driver circuits, where low closed loop gains and 
high output drive are required. With a 6MHz full power band¬ 
width, this amplifier is well suited for high frequency signai 
conditioning circuits and video amplifiers. Gain flatness of 
0.035dB, combined with differential gain and phase specifi¬ 
cations of 0.02%, and 0.03 degrees, respectively, make the 
HA-2842 ideal for component and composite video applica¬ 
tions. 

A zener/nichrome based reference circuit, coupled with 
advanced laser trimming techniques, yields a supply current 
with a low temperature coefficient and low lot-to-lot variabil¬ 
ity. For example, the average Icc variation from +85°C to 
-40°C is <600pA (±2%),whlle the standard deviation of the 
Icc distribution is <0.1mA (0.8%) at +25°C. Tighter Icc con¬ 
trol translates to more consistent AC parameters ensuring 
that units from each lot perform the same way, and easing 
the task of designing systems for wide temperature ranges. 
Critical AC parameters. Slew Rate and Bandwidth, each 
vary by less than ±5% over the industrial temperature range 
(see Typical Performance Curves). 

The HA-2842C is the same amplifier with a compensation 
pin available to the user. By connecting a capacitor from pin 
8 to GND, the HA-2842C can be compensated for unity gain 
operation, or the bandwidth can be limited to reduce total 
noise. 



Pinouts 


HA-2842 
(PDIP) 
TOP VIEW 



HA-2842 
(PDIP, SOIC) 
TOP VIEW 


HA-2842C 
(PDIP. SOIC) 
TOP VIEW 



BAL 

NC 

^ r 

—n 

COMP 

"tv-, ^ 

V+ 

-IN 


11 

V+ 


OUT 

•t-IN 

[3-1^ 

"T-Il 

1 OUT 

n 

NC 

V- 

[I 

I 

1 NC 


NOTE: (NC) No Connection pins may be tied to a ground plane for better isolation and heat dissipation. 
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Specifications HA-2842 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Voltage Between V+ and V- Terminals. 

.35V 

Operating Temperature Range 


Differential Input Voltage. 

.6V 

HA-2842-5. 

.0°C^Ta:S+75°C 

Output Current. 

.125mA 

HA-2842-9. 

...-40°C^Ta^+85°C 

100mA (50% Duty Cycle) 

Recommended Supply Voltage Range. 

.±6.5Vto+15V 

Junction Temperature (Note 11). 

.+175®C 

Storage Temperature Range. 

..-65°C^Ta^+150°C 

Junction Temperature (Plastic Package). 

.+150®C 

Thermal Package Characteristics (®C/W) 

6 ja 0JC 

Lead Temperature (Soldering 10 Sec.). 

. +300°C 

14 Lead Plastic DIP Package. 

89 28 



8 Lead Plastic Dip Package. 

92 30 



8 Lead SOIC Package. 

157 42 

CAUTION: Stresses abow those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any odier conditions above those indicated in the operational sections of this specification is not implied. 



Electrical Specifications Vsupply = Rl = 1ka Cl ^ lOpF, Unless aherwise Specified. 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage (Note 13) 


Average Offset Voltage Drift 


Bias Current (Note 13) 


Average Bias Current Drift 


Offset Current 


Average Offset Current Drift 


Input Resistance 


Input Capacitance 


Common Mode Range 


input Noise Voltage (10Hz to 1 MHz) 


Input Noise Voltage Density (f = 1kHz, Rsource = 0^^) (Note 13) 


Input Noise Current (f = 1kHz, Rsource = lOOkD) (Note 13) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


Common-Mode Rejection Ratio (Notes 4,13) 


Minimum Stable Gain 


Gain Bandwidth Product (Notes 5,13) 


Gain Flatness to 10MHz (Rl^ 75ft) (Note 13) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Notes 3,13) 


Output Current (Notes 6,13) 


Output Resistance 


Full Power Bandwidth (Notes 3 and 7) 


Differential Gain (Notes 2,13) 


Differential Phase (Notes 2,13) 


Harmonic Distortion (Notes 10,13) 


TEMPERATURE 


HA-2842-5, 

-9 

1 MIN 

TYP 

1 MAX 



mA 


ft 


MHz 


% 


Degrees 


dBc 









































































































































Specifications HA-2842 


Electrical Specifications Vsupply ^ R,_ = 1kn, Cl ^ lOpF, unless otherwise Specified. (Continued) 


PARAMETER 

TEMPERATURE 

TRANSIENT RESPONSE (Note 9) 

Rise Time 

+25°C 

Overshoot 

+25°C 

Slew Rate (Notes 12,13) 

+25®C 

Settling Time: 10V Step to 0.1% 

+25°C 


HA-2842-5, 

-9 

1 MIN 

TYP 

MAX 


POWER REQUIREMENTS 


Supply Current (Note 13) 

+25°C 


Full 

Power Supply Rejection Ratio (Notes 9,13) 

Full 




NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. Rp = Ri = 1K, Rl = 7000. 

3. RL=1kO, Vo = ±10V. 

4. VcM = ±10V. 

5. A^cl “ ^ 

6 . Vq = ±5V, Rl Unconnected, Duty cycle ^ 50%. For Information about using high output current amplifiers, please refer to Application Note 
556 (Thermal Safe-Operating-Areas For High Current Op Amps) 

7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = —-- »^PEAK = 

8 . Refer to Test Circuits section of this data sheet. rcMr\ 

9- Vsupply = ±10VDC to ±20VDC. 

10. Vo = 2Vp-p; f = 1MHz; Ay = +2. 

11. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below +150°C for 
plastic packages. By using Application Note 556 on Safe Operating Area equations, along with the packaging thermal resistances listed 
in the Operating Conditions section, proper load conditions can be determined. 

12. Ay = 4-2. This parameter is not tested. The limits are guaranteed based on lab characterization and reflect lot-to-lot variation. 

13. See Typical Performance Curves" for more information. 
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HA-2842 





SOOQ 


OUTPUT 


5000 


Test Circuits 


TEST CIRCUIT 


OUT NOTE: 

Vs*±15V 
Ay ss +2 
Cl :SlOpF 


LARGE SIGNAL RESPONSE 
Input = SV/DIv. 

Output =:5V/Div. 
50ns/Div. 


SMALL SIGNAL RESPONSE 
Inputs lOOmV/DIv. 
Output = lOOmV/Div. 
50ns/Djv. 


NPUT 


2.5kO 5kO 


SETTLING TIME TEST CIRCUIT 


SETTUNG 

POINT 


Ays-2 

Feedback and summing resistors must be matched (0.1%) 
HP5082-2810 clipping diodes recommended 
Tektronix P6201 FET probe used at settling point 
For 0.01% settling time, heat sinking is suggested to reduce ther¬ 
mal effects and an analog ground plane with supply decoupling is 
suggested to minimize ground loop errors. 


SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


BAL^y—o OUT 
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HA-2842 


Metallization Topology 

DIE DIMENSIONS: 

77x81 x19±1mils 
(1960 X 2060 x483^m) 

METALLIZATION: 

Type: Aluminum. 1% Copper 
Thickness: 16 kA± 2 kA 

GLASSIVATION: 

Type: Nitride over Silox 
Silox Thickness: 12kA±2kA 
Nitride thickness: 3.5kA ± 1 kA 


DIE ATTACH: 

Material: Epoxy-Plastic DIP and SOIC 

WORST CASE CURRENT DENSITY: 

1.83 X10® A/cm^ at 56mA 

SUBSTRATE POTENTIAL (POWERED UP): V- 

TRANSISTOR COUNT: 58 

PROCESS: High Frequency Bipolar Dielectric Isolation 


Metallization Mask Layout 
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NOISE CURRENT (pA/VHz) 
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HA-2842 


Typical Performance Curves Ta = +2S°C, Vsupmy ° ±15V, = IKa < lOpF, unless otherwise specified (Continued) 
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FIGURE 13. MAXIMUM UNDISTORTED OUTPUT SWING 
vs FREQUENCY 
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FIGURE 14. TOTAL HARMONIC DISTORTION vs FREQUENCY 
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FIGURE 15. INTERMODULATION DISTORTION vs FREQUENCY 
(TWO TONE) 
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FIGURE 16. DIFFERENTIAL GAIN vs LOAD RESISTANCE 
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FIGURE 17. DIFFERENTIAL PHASE vs LOAD RESISTANCE 


-7r- Rl«i5oq I I- 

0.01 ___ Rl.s500Q I 

___ Rl«ioooq_ 

J I I I I I I I I T1 

0 1M 2M 3M 4M 5M 6M 7M 8M OM 10M 

FREQUENCY (Hz) 

FIGURE 18. GAIN FLATNESS vs FREQUENCY (AycL » 2) 
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HA'2842 


Typical Performance Curves Ta = +25°C, Vsupply = ±15V, Rl = IKU Cl < lOpF, umess otherwise specified (continued) 



0 100 200 300 400 500 600 700 800 900 1000 

LOAD RESISTANCE (O) 

FIGURE 19. GAIN BANDWIDTH PRODUCT V8 LOAD RESISTANCE 


Typical Applications 

The Harris HA-2842 is a state of the art monolithic device 
which also approaches the “ALL-IN-ONE” amplifier concept. 
This device features an outstanding set of AC parameters 
augmented by excellent output drive capability providing for 
suitable application in both high speed and high output drive 
circuits. 

Primarily Intended to be used in balanced 50Q and 75C1 
coaxial cable systems as a driver, the HA-2842 could also be 
used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would also 
be suitable as a small DC motor driver. 

Prototyping Guidelines 

For best overall performance in any application, it is recom¬ 
mended that high frequency layout techniques be used. This 
should include: 

1. Mounting the device through a ground plane. 

2. Connecting unused pins (NC) to the ground plane. 

3. Mounting feedback components on Teflon standoffs and/ 
or locating these components as close to the device as 
possible. 

4. Placing power supply decoupling capacitors from device 
supply pins to ground. 


Power Dissipation Considerations 

At high output currents, especially with the 8 lead SOIC 
package, care must be taken to ensure that the Maximum 
Junction Temperature (Tj, see “Absolute Maximum Ratings” 
table) isn’t exceeded. As an example consider the HA-2842 
in the SOIC package, with a required output current of 50mA 
at Vqut = ‘•OV. The power dissipation is the quiescent power 
(450mW = 30V • 15mA) plus the power dissipated in the out¬ 
put stage (Pqut = 250mW = 50mA • {15V - 10V)), or a total 
of 700mW. The thermal resistance (0 ja) of the SOIC pack¬ 
age is +157°C/W, which increases the junction temperature 
by 110°C over the ambient temperature (Ta). Remaining 
below Tji^ax requires that Ta be restricted to ^ +40°C 
(+150°C - +110®C). Heatsinking would be required for oper¬ 
ation at ambient temperatures greater than +40°C. 

Note that the problem isn’t as severe with either of the PDIP 
packages due to their lower thermal resistances, however it 
is recommended that the above analysis be performed for 
any package if operating outside the conditions listed below: 

MAX Pout WITHOUT HEATSINK (Vg a ±15V) 


Ta 

14 LEAD PDIP 
(0JA = 89®C/W) 

8 LEAD PDIP 
(0ja = 92®C/W) 

8 LEAD SOIC 
(0JA * 157®C/W) 

+85°C 

280mW 

260mW 

Heatsink 

Required 

+70°C 

450mW 

420mW 

60mW 

+25°C 

950mW 

910mW 

350mW 


Allowable output power can be increased by decreasing the 
quiescent dissipation via lower supply voltages. 

For more Information please refer to Application Note 556, 
Thermal Safe Operating Areas for High Current Op Amps. 
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Low Power, High Slew Rate Wideband 
Operational Amplifier 


Features 

• Low Supply Current.7.5mA 

• High Slew Rate.340V/^i8 

• Open Loop Gain.25kV/V 

• Wide Gain-Bandwidth (Ay ^ 10). 470MHz 

• Fuil Power Bandwidth.5.4MHz 

• Low Off set Voltage.0.6mV 

• Input Noise Voltage...11 nV/^/Hz 

• Differential Gain/Phase.0.04%/0.04^ 

• Lower Power Enhanced Replacement for AD840 and 
EL2040 

Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• Fast, Precise D/A Converters 


Description 

The HA-2850 is a wideband, high slew rate, operational ampli¬ 
fier featuring superior speed and bandwidth characteristics. 
Bipolar construction, coupled with dielectric isolation, delivers 
outstanding performance in circuits with a closed loop gain of 10 
or greater. 

A 340V/|is slew rate and a 470MHz gain bandwidth product 
ensure high performance in video and wideband amplifier 
designs. Differential gain and phase are a low 0.04% and 0.04° 
respectively, making the HA-2850 ideal for video applications. A 
full ±10V output swing, high open loop gain, and outstanding AC 
parameters, make the HA-2850 an excellent choice for high 
speed Data Acquisition Systems. 

The HA-2850 is available in commercial and industrial 
temperature ranges, and a choice of packages. For military 
grade product, refer to the HA-2850/883 data sheet. 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA1-2850-5 

0°Cto+75°C 

14 Lead Ceramic DIP 

HA3B2850-5 

0°C to +75°C 

14 Lead Plastic DIP 

HA7-2850-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA3-2850-5 

0°C to +75°C 

8 Lead Plastic DIP 

HA9P2850-5 

0°C to +75°C 

8 Lead SOIC 

HA1-2850-9 

-40°C to +85°C 

14 Lead Ceramic DIP 

HA3B2850-9 

-40°Cto+85°C 

14 Lead Plastic DIP 

HA7-2850-9 

-40°C to +85®C 

8 Lead Ceramic DIP 

HA3-2850-9 

-40°C to +85°C 

8 Lead Plastic DIP 


Pinouts 


HA-2850 
(CDIP, PDIP) 
TOP VIEW 



HA-2850 

(CDIP, PDIP, SOIC) 
TOP VIEW 


NC 1 

LL U 

1 NC 

-IN 


v+ 

•i-IN 


OUT 

V- 1 

n n 

1 NC 


NOTE: (NC) No Connection pins may be tied to a ground plane for better Isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. pj |0 2844.2 
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Specifications HA-2850 


Absolute Maximum Ratings (Note i) 


Voltage Between V+ and V- Terminals.35V 

Differential Input Voltage.6V 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 


Operating Conditions 


Operating Temperature Range 

HA-2850-5.0°C ^ Ta ^ +75°C 

HA-2850-9.-40°C ^ Ta ^ +85°C 

Recommended Supply Voltage Range.±6V To ±15V 

Storage Temperature Range.-65°C Ta ^ +150°C 

Thermal Package Characteristics (°C/W) 0jA OjC 

14 Lead Plastic DIP Package. 107 38 

14 Lead Ceramic DIP Package. 71 14 

8 Lead Plastic DIP Package. 96 34 

8 Lead Ceramic DIP Package. 115 36 

8 Lead SOIC Package. 157 43 


CAUTION: Stresses above those listed In “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsupply = ±15V, Ri, IkO, C^ ^ lOpF, unless otherwise Specified. 


PARAMETER 

TEMPERATURE 

1 HA-2850-5, -9 

UNrrs 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

Offset Voltage (Note 13) 

-i-25°C 

- 

0.6 

2 

mV 

Full 

- 

2 

6 

mV 

Average Offset Voltage Drift 

Full 

- 

20 

- 

HV/“C 

Bias Current (Note 13) 

+25®C 

- 

5 

14.5 

pA 

Full 

- 

8 

20 

pA 

Offset Current 

-»-25°C 

- 

1 

4 

pA 

Full 

- 

- 

8 

pA 

Input Resistance 

+25°C 

- 

10 

- 

kO 

Input Capacitance 

-l■25®C 

- 

1 

- 

PF 

Common Mode Range 

Full 

±10 

- 

- 

V 

Input Noise Voltage (f = 1kHz, Rsource = 0^. Note 13) 

-»-25°C 

- 

11 

- 

nV/VHz 

Input Noise Current (f = 1kHz, Rsource = lOkQ. Note 13) 

-i-25°C 

- 

6 

- 

pA/^/Hz 

TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 

+25°C 

20 

25 

- 

kV/V 

Full 

15 

20 

- 

kWN 

Common-Mode Rejection Ratio (Notes 4,13) 

Full 

75 

80 

- 

dB 

Minimum Stable Gain 

+25°C 

10 

- 

- 

V/V 

Gain Bandwidth Product (Notes 5,11,13) 

-i-25°C 

- 

470 

- 

MHz 


OUTPUT CHARACTERISTICS 



Output Voltage Swing (Notes 3,13) 


±11 


Output Current (Notes 3,13) 


±20 


mA 


Output Resistance 


30 


a 


Full Power Bandwidth (Notes 3,7) 


MHz 


Differential Gain (Notes 2, 6) 
Differential Phase (Notes 2,6) 


0.04 


0.04 


Degrees 


Harmonic Distortion (Notes 6,12,13) 


-74 


dBc 
































































































































Specifications HA-2850 


Electrical Specifications Vsupply = Rl » 1ka Cl ^ lOpF, Unless otherwise Specified. (Continued) 


HA-2850-5, 

-9 

1 MIN 

TYP 

1 MAX 




TEMPERATURE 


PARAMETER 


TRANSIENT RESPONSE (Note 8) 


Rise Time 


Overshoot 


Slew Rate (Notes 3,10,13) 


Settling Time: 10V Step to 0.1% 


POWER REQUIREMENTS 

Supply Current (Note 13) Full I - I 7.5 8.0 I mA 


Power Supply Rejection Ratio (Notes 9,13) 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. 

3. Rl = 1 kQ, Vo = ±1OV, OV to ±1OV for slew rate. 

4. VcM = ±10V. 

5. Vo = 90mV. 

6. Av = +10. 

^ Slow F^dto 

7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = ——-; (VocAk’ = '•OV). 

8. Refer to Test Circuit section of data sheet. 

9- Vsupply = ±10VDC to ±20VDC. 

10. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

11. Av = +100. 

12. Vo = 2Vp.p,f = 1MHz 

13. See “Typical Performance Curves" for more Information. 


2-428 






































HA-2850 


Test Circuit 


TEST CIRCUIT 



NOTE: 

Vs = ±15V 
Ay = +10 
Cl<10pF 


LARGE SIGNAL RESPONSE 
Input = 1 V/Div. 

Output = 5V/Div. 
50ns/Div. 



SMALL SIGNAL RESPONSE 

Input = lOmV/Div. 
Output = lOOmV/DIv. 
50ns/Div. 



SETTLING TIME TEST CIRCUIT 


SETTLING 

POINT 



• Av = -10 

• Load Capacitance should be less than lOpF. 

• It is recommended that resistors be carbon composition and that 
OUTPUT feedback and summing network ratios be matched to 0.1%. 

PROBE • SETTLING POINT (Summing Node) capacitance should be less 

MONITOR ^QpP pQf optimum settling time results, it is recommended 

that the test circuit be constructed directly onto the device pins. A 
Tektronix 568 Sampling Oscilloscope with S-3A sampling heads 
is recommended as a settle point monitor. 
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HA-2850 


Die Characteristics 

DIE DIMENSIONS: 

65 x 52x19±1mils 
(1650 X 1310 x 483^m) 

METALLIZATION: 

Type: Aluminum. 1% Copper 
Thickness: 16kA ± 2kA 

GLASSIVATION: 

Type: Nitride over Silox 
Silox Thickness: 12kA±2kA 
Nitride thickness: 3.5kA ± IkA 


DIE ATTACH: 

Material: Epoxy-Plastic DIP and SOIC 
Gold Eutectic-Ceramic DIP 

WORST CASE CURRENT DENSITY: 

0.7 X 10® A/cm^ at 1.8mA 

SUBSTRATE POTENTIAL (POWERED UP): V- 

TRANSiSTOR COUNT: 34 

PROCESS: High Frequency Bipolar Dielectric Isolation 


Metallization Mask Layout 

HA-2850 
































































































HA-2850 


Typical Performance Curves t* = +25°c. Vsupply= ±i5v, Rl= imj, Cu < lopF, unless otherwise specified 
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200 ----------- 

-60 -40 -20 0 ••■20 ■f40 -^60 -i-SO -flOO •f120-i-140 

TEMPERATURE C*C) 

FIGURE 3. GAIN BANDWIDTH PRODUCT vs TEMPERATURE 


II 

mil 


n 

n 

II 

inn 


n 

n 

II 

II 

II 

II 

II 

inn 

inn 

inn 

inn 

inn 

HI 

n 

1 II 

in 

nil 

nin 

n 

n 

i! II 

in 

III i! 


IK 10K 100K 1M 

FREQUENCY (Hz) 

FIGURE 4. CMRR vs FREQUENCY 


C\J 


llllllll 

■mil 

■mil 

■ilill 

mill 

■mill 

■ml 


■11111111111111 
[■11111111111111 
■imsiiii 

■IIIIIIIHII 
■lllliilllll 
■11111111111111 
■miiiiHiiiii 

■IIIIIIIHIIIII 

■miiiiiimii 

■11111111111111111 

l■mlllll■mi 


■nil 

■mill 

■iiir 

■mi 

■mil 

■mil 

■mil 

■mil 

■mil 

■mi 

■nil 


■111111 

■111111 

■mm 

■mill 

I,■mm 

iHmiiiii 

■11111 

l■nll[ 

■11111111 


IK 10K 100K 1M 

FREQUENCY (Hz) 

FIGURE 5. PSRR vs FREQUENCY 


liili 


lllllll 


■■III 





lllllll 


■■mill 

■■II 
llll 


ISiSi!!!!!! 


lllllll 

l■illllll 

iiiil 


100 IK 10K 

FREQUENCY (Hz) 

FIGURE 6. INPUT NOISE vs FREQUENCY 


2-431 


OPERATIONAL 

AMPLIFIERS 














































































RATE(V/^s) 


HA-2850 


TypiCSl Performance Curves Ta = +25®C, Vsupply = Rl = IW), Cl < lOpF, unless otherwise specified (continued) 
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FIGURE 7. SLEW RATE vs TEMPERATURE FIGURE 8. SLEW RATE vs SUPPLY VOLTAGE 
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OUTPUT VOLTAGE SWING (Vp.p) 


HA-2850 


Typical Performance Curves = +25°C, Vsupply = ±15V. Rl = 1ka Cl < 10 pF. unless aherwlse specified (continued) 



_Vo*10Vp.J 
Vo = 2Vp.p t 


-^Vo«0.5VpJ 

yo=ivp-p... 


FREQUENCY (Hz) 


FIGURE 13. MAXIMUM UNDISTORTED OUTPUT SWING vs 
FREQUENCY 


FREQUENCY (Hz) 

FIGURE 14. TOTAL HARMONIC DISTORTION vs FREQUENCY 
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FIGURE 15. INTERMODULATION DISTORTION vs FREQUENCY (2 TONE) 


2-433 


OPERATIONAL 

AMPLIFIERS 














m HAIRTRie 

UV SEMICONDUCTOR 

March 1993 


Features 

• Slew Rate. 1.6V/)X8 

• Bandwidth.3.5MHz 

• Input Voltage Noise.9nV/VHz 

• Input Offset Voltage.0.5mV 

• Input Bias Current.60nA 

• Supply Range.±2V to ±20V 


• No Crossover Distortion 

• Standard Quad Pinout 

Applications 

• Universal Active RIters 

• D3 Communications Filters 

• Audio Amplifiers 

• Battery-Powered Equipment 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA1-4741-2 

-55°C to +125°C 

14 Lead Ceramic DIP 

HA1-4741-5 

0®Cto+75°C 

14 Lead Ceramic DIP 

HA3-4741-5 

0°C to +75°C 

14 Lead Plastic DIP 

HA4P4741-6 

0®CtO+75°C 

20LeadPLCC 

HA9P4741-5 

0°Cto+75°C 

16 Lead Wide Body SOIC 

HA9P4741-9 

-40°Cto+85°C 

16 Lead Wide Body SOiC 


HA-4741 


Quad Operational Amplifier 


Description 

HA-4741, which contains four amplifiers on a monolithic 
chip, provides a new measure of performance for general 
purpose operational amplifiers. Each amplifier in the HA- 
4741 has operating specifications that equal or exceed those 
of the 741-type amplifier in ail categories of performance. 

HA-4741 is well suited to applications requiring accurate sig¬ 
nal processing by virtue of its low values of input offset volt¬ 
age (O.SmV), input bias current (60nA) and Input voltage 
noise (9nV/VlHz at 1kHz). 3.5MHz bandwidth, coupled with 
high open-loop gain, allow the HA-4741 to be used in 
designs requiring amplification of wide band signals, such as 
audio amplifiers. Audio application is further enhanced by 
the HA-4741's negligible output crossover distortion. 

These excellent dynamic characteristics also make the HA- 
4741 Ideal for a wide range of active filter designs. Perfor¬ 
mance integrity of multi-channel designs is assured by a 
high level of amplifier -to-amplifier isolation (69dB at 10kHz). 

A wide range of supply voltages (±2V to ±20V) can be used 
to power the HA-4741, making it compatible with almost any 
system including battery-powered equipment. 

HA-4741/883 product and data sheets available upon 
request. 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. pj |0 |s|yn^|3@r 2922.1 
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Specifications HA-4741 


Absolute Maximum Ratings (Note i3) 


Ta = +25°C Unless Otherwise Stated 

Supply Voltage Between V+ and V- Terminals.40.0V 

Differential Input Voltage.30.0V 

Input Voltage (Note 1).±15.0V 

Output Short Circuit Duration (Note 2).Indefinite 

Junction Temperature (Note 3).+175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300®C 


Operating Conditions 


Operating Temperature Range: 

ha-4741-2.-55®C ^ T^ ^ +125®C 

ha-4741 -5.0°C ^ T^ ^ -|-75°C 

ha-4741-9.■40°C ^ T^ ^ +85°C 

Storage Temperature Range.-65°C ^ T^ ^ +150°C 

Thermal Package Characteristics (®C/W) Oj/^ Ojc 

Ceramic DIP Package. 71 13 

Plastic DIP Package. 107 38 

SOIC. 96 26 

PLCC. 74 33 


CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings‘ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operatbnal sections of this speci^cation is not implied. 


Eiectricai Specifications V+::: +15V, V- = -ISV, unless otherwise Specified. 


Common Mode Range I Full 


Differential Input Resistance +25°C 


input Voltage Noise 
(f = 1kHz) 



Large Signal Voltage Gain 
(Note 4) 


Common Mode Rejection 
Ratio 


Channel Separation (Note 5) -i-25°C 


Small Signal Bandwidth | +25°C 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 
(RL = 10kQ) 


Output Voltage Swing 
(RL = 2kO) 


Full Power Bandwidth 
(Notes 4,9) 


Output Current (Note 6) 


Output Resistance 


TRANSIENT RESPONSE (Notes 7,10) 


Rise Time (Note 11) +25°C 


Overshoot (Notell) +25°C 


Slew Rate (Note 12) 




























































































































































































Specifications HA-4741 


Electrical Specifications V+ +15V. V- = -ISV. unless otherwise Specified. (Continued) 


HA-4741-2 LIMITS 


PARAMETER 

TEMP 

1 POWER SUPPLY CHARACTERISTICS 

Supply Current 

+25®C 

Power Supply Rejection 

Ratio (Note 8) 

Full 



NOTES: 

1. For supply voltages less than ±15V, the absolute maximum Input voltage Is equal to the supply voltage. 

2. One amplifier may be shorted to ground indefinitely. 

3. Maximum power dissipation, Including output load, must be designed to maintain junction temperature below +175°C for the ceramic pack¬ 
age, and below +150°C for the plastic packages. 

4. VouT = ±10V,RL = 2kQ. 

5. Referred to input; f = 10kHz, Rs = 1K, V|n = lOOrnYpE^K- 

6. VouT = ±10V. 

7. See Pulse Response Characteristics. 

8. AV = ±5V. 

9. Full power bandwidth guaranteed based upon slew rate measurement FPBW = S.R./27C Vp^AX. 

10. RL = 2kQ,CL = 50pF. 

11. VouT = ±200mV. 

12. Vout = ±5V. 

13. Absolute maximum ratings are limiting values, applied Individually beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

14. Typical and Minimum specifications for the -9 version are the same as those for the -5 version. 
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HA-4741 



100 IK 10K 

FREQUENCY (Hz) 

FIGURES. INPUT NOISE VS FREQUENCY 


10 100 1000 10,000 100,000 
LOAD CAPACITANCE (pF) 

FIGURE 6. SMALL SIGNAL BANDWIDTH AND PHASE MARGIN 
vs LOAD CAPACITANCE 
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HA-4741 


Typical Performance Curves v+ +i5v, v-=-isv, \= + 2 s°c, unless otherwise specified (continued) 




mHiiiiiiii 



100 IK 10K 100K 

LOAD RESISTANCE (O) 

FIGURE 7. MAXIMUM OUTPUT VOLTAGE SWING vs LOAD 
RESISTANCE 


-50 -25 0 -l•25 +50 +75 +100 +125 

TEMPERATURE (®C) 

FIGURE 8. INPUT BIAS AND OFFSET CURRENT vs 
TEMPERATURE 



-50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (®C) 

FIGURE 9. POWER CONSUMPTION vs TEMPERATURE 
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Monolithic, Wideband, High Slew Rate, 
High Output Current Buffer 


Features 

• Voltage Gain. 

• High Input Impedance.. 

• Low Output Impedance. 


• Very Wide Bandwidth. 

• High Output Current. 

• Pulsed Output Current. 

• Monolithic Construction 

Applications 

• Line Driver 

• Data Acquisition 

• 110MHz Buffer 

• High Power Current Booster 

• High Power Current Source 

• Sample and Holds 

• Radar Cable Driver 

• Video Products 


... 0.995 
..SOOOkO 

.3n 

1300V/^s 
. 110MHz 
.. db200mA 
.. 400mA 


Description 

The HA-5002 is a monolithic, wideband, high slew rate, high 
output current, buffer amplifier. 

Utilizing the advantages of the Harris D.l. technologies, the 
HA-5002 current buffer offers 1300V/|xs slew rate with 
11QMHz of bandwidth. The ±200mA output current capability 
is enhanced by a 3Q output impedance. 

The monolithic HA-5002 will replace the hybrid LH0002 with 
corresponding performance increases. These characteristics 
range from the SOOOk^i input impedance to the increased 
output voltage swing. Monolithic design technologies have 
allowed a more precise buffer to be developed with more 
than an order of magnitude smaller gain error. 

The HA-5002 will provide many present hybrid users with a 
higher degree of reliability and at the same time increase 
overall circuit performance. 

For the military grade product, refer to the HA-5002/883 
datasheet. 

Ordering Information 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

HA2-5002-2 

-55°C to +125°C 

8 Pin Can 

HA2-5002-5 

0°C to +75°C 

8 Pin Can 

HA3-5002-5 

0°C to +75°C 

8 Lead Plastic DIP 

HA4P5002-5 

0°C to +75°C 

20 Lead PLCC 

HA7-5002-2 

-55°C to +125°C 

8 Lead Ceramic DIP 

HA7-5002-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA9P5002-5 

0°C to +75°C 

8 Lead SOIC 

HA9P5002-9 

-40°C to +85°C 

8 Lead SOIC 


Pinouts 



HA-5002 

HA-5002 

HA-5002 

(PDIP, CDIP, SOIC) 

(PLCC) 

(TO-99 CAN) 

TOP VIEW 

TOP VIEW 

TOP VIEW 


L£l 1121 bU 

o z o 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-5002 


Absolute Maximum Ratings (Note 1 ) 


Voltage Between V+ and V- Terminals.44V 

Input Voltage.V^+toV,- 

Output Current (Continuous).±200mA 

Output Current (50ms On, 1s Off)..±400mA 

Internal Power Dissipation (Note 2) 

TO-99(+25°C).1.39W 

Ceramic DIP (+25°C).1.32W 

Plastic DIP (+25°C).1.36W 

SOIC (+25°C).0.80W 

PLCC (+ 250 C).1.69W 

Maximum Junction Temperature.+175°C 

Maximum Junction Temperature (Note 2) 

Plastic Packages.+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 


Operating Conditions 

Operating Temperature Range 

HA-5002-2.-55°C ^ T^ ^ +125°C 

HA-5002-5... 0°C ^ T^ ^ +75°C 

HA-5002-9.-40°C < Ta ^ +85°C 

Storage Temperature Range.-65°C ^ T/^ ^ +150®C 


CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsupply = ±12V to ±15V, Rg = soa Rl = Iku Cl = lOpF, Unless otherwise Specified. 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Input Resistance 


Input Noise Voltage (lOHz-IMHz) 


TRANSFER CHARACTERISTICS 


Voltage Gain (Note 7) 


Rl = 50Q 


Rl = 100O 


RL=1kO 


Rl^IKO 


-3dB Bandwidth (Note 4) 


AC Current Gain 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 

RL=1kn(Note 3) 
RL=1kO(Note5) 


Output Current (Note 10) 


Output Resistance 


Harmonic Distortion (Note 6) 


TRANSIENT RESPONSE 


Full Power Bandwidth (Note 8) 


Rise Time 


Propagation Delay 


Overshoot 


Slew Rate 


Settling Time to 0.1% 

















































































































































































Specifications HA-5002 


Electrical Specifications Vsupply ^ to ±15V, Rq » soa lOpF, Unless otherwise Specified. (Continued) 


PARAMETER 


TYP MAX 


HA-5002-5,-9 


TYP MAX 


Differential Gain 


Differential Phase 


POWER REQUIREMENTS 


Supply Current 


Power Supply Rejection Ratio (Note 9) 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. See thermal constants data in Die Characteristics section. Maximum power dissipation, including load conditions, must be designed to main¬ 
tain the maximum Junction temperature below -i-175°C for the ceramic and can packages, and below +150°C for the plastic packages. 

3. Vsupply - ±15V 

4. V,N = 1Vp.p 

5. Vsupply = ±12V 

6 . V,n=1Vrms;^= 10kHz. 

7. VouT= ±10V 

Slew Rate 

8. FPBW = - ; Vp = 5V 

27cVp P 

9. AVsupply=10V 

10. V,n = ±10V,Rl = 40Q. 
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Die Characteristics 


Transistor Count 
Die Dimensions. 


Substrate Potential* 
Process . 


.27 

.80x81 X 19 mils 

(2030^m X 2050p,m x 480^m) 

.V,- 

.BIpolar-DI 


Thermal Constants (°C/W) Bjc 

HA7-5002 (Ceramic Mini DIP). 114 34 

HA3-5002 (Plastic DIP). 92 30 

HA2-5002 (Metal Can). 108 33 

HA4P5002 (PLCC). 74 33 

HA9P5002 (SOIC). 157 42 


The substrate may be left floating (Insulating Die Mount) or it may be mounted on a conductor at V- potential. 































HA-^5002 






Typical Performance Curves 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


FIGURE 3. GAIN/PHASE vs FREQUENCY (R, = IRQ) 


FIGURE 4. GAIN/PHASE vs FREQUENCY (Rl = 50Q) 


Test Circuits (Continued) 


SMALL SIGNAL WAVEFORMS 

Rs = 50Q, Rl = 100Q 


SMALL SIGNAL WAVEFORMS 

Rs = 50Q, Rl = 1kQ 


LARGE SIGNAL WAVEFORMS 

Rs = 50Q, RL=1kii 


LARGE SIGNAL WAVEFORMS 

Rs = 50Q,RL = 1k« 


Yqut 


Your 


Yqut 


VOUT 
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PHASE SHIFT 
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SLEW RATE (V/na) Vqut MAX, VOLTS P-P AT 100kHz SUPPLY CURRENT (mA) 


HA-5002 


Typical Performance Curves (continued) 

„ I I I 

I I +125®C,+25®C_ 


0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (±V) 

FIGURE 11. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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FREQUENCY (Hz) 

FIGURE 12. INPUT/OUTPUT IMPEDANCE VS FREQUENCY 




Ta«+25®C 


Ta = +125®C, 
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Vs«±15V 
Ta = 25®C 
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HA-5002 


Operating Instructions 

Layout Considerations 

The wide bandwidth of the HA-5002 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 

Probably the most crucial of the RF/video layout rules is the 
use of a ground plane. A ground plane provides isolation and 
minimizes distributed circuit capacitance and inductance 
which will degrade high frequency performance. 

Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and 
reduces board space. 

Power Supply Decoupling 

For optimal device performance, It is recommended that the 
positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1 pF will minimize high frequency variations In 
supply voltage, while low frequency bypassing requires 
larger valued capacitors since the impedance of the capaci¬ 
tor is dependent on frequency. 

It is also recommended that the bypass capacitors be connected 
cbse to the HA-5002 (preferably directly to the supply pins). 


Typical Applications 

Operation at Reduced Supply Levels 

The HA-5002 can operate at supply voltage levels as low as 
±5V and lower. Output swing is directly affected as well as 
slight reductions in slew rate and bandwidth. 


Short Circuit Protection 

The output current can be limited by using the following circuit: 


R = 

'OUTMAX *OUTMAX 


V-i* Ioutmaxb 200mA (CONTINUOUS) 



Capacitive Loading 

The HA-5002 will drive large capacitive loads without oscilla¬ 
tion but peak current limits should not be exceeded. Follow¬ 
ing the formula 1 = C^''/cit implies that the slew rate or the 
capacitive load must be controlled to keep peak current 
below the maximum or use the current limiting approach as 
shown. The HA-5002 can become unstable with small 
capacitive loads (50pF) if certain precautions are not taken. 
Stability is enhanced by any one of the following: a source 
resistance In series with the Input of 50Q to Ikft; increasing 
capacitive load to 150pF or greater; decreasing Clqad ^ 
20pF or less; adding an output resistor of 1012 to 5012; or 
adding feedback capacitance of 50pF or greater. Adding 
source resistance generally yields the best results. 



„ _ ’’^JMAX ^A 

^DMAX ~ e 4.0 4-0 

®JC ^ ®CS ^ ®SA 

Where: Tj^^ = Maximum Junction Temperature of the Device 
T>^ = Ambient 

8jc * Junction to Case Thermal Resistance 
Scs = Case to Heat Sink Thermal Resistance 
Qsa - Heat Sink to Ambient Thermal Resistance 

^JMAX ■" ^A 

Graph Is based on: = -O- 


AMBIENT TEMPERATURE C*C) 


FIGURE 17. FREE AIR POWER DISSIPATION 
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10OMHz Current Feedback Amplifier 


Features 

• Slew Rate. 1200V/p8 

• Output Current.±100mA 

• Drives. .±9V Into IOOq 

• V 5 yppLY.to ±18V 

• Thermal Overload Protection and Output Flag 

• Bandwidth Nearly Independent of Gain 

• Output Enable/Disable 

Applications 

• Unity Gain Video/Wideband Buffer 

• Video Gain Block 

• High Speed Peak Detector 

• Fiber Optic Transmitters 

• Zero Insertion Loss Transmission Line Drivers 

• Current to Voltage Converter 

• Radar Systems 


Ordering Information 

PART NUMBER TEMP. RANGE 

HA1-5004-5 _ -40*^C to +85°C 

HA1-5004-9 _ -40^0 to +85°C 

HA3-5004-5 0°Cto+75°C 

HA9P5004-5 


0°C to +75°C 


PACKAGE 

14 Lead Ceramic DIP 
14 Lead Ceramic DIP 
14 Lead Plastic DIP 
14 Lead SOIC 


Description 

The HA-5004 current feedback amplifier is a video/wideband 
amplifier optimized for low gain applications. The design is 
based on current-mode feedback which allows the amplifier 
to achieve higher closed loop bandwidth than voltage-mode 
feedback operational amplifiers. Since feedback is 
employed, the HA-5004 can offer better gain accuracy and 
lower distortion than open loop buffers. Unlike conventional 
op amps, the bandwidth and rise time of the HA-5004 are 
nearly independent of closed loop gain. The 100MHz band¬ 
width at unity gain reduces to only 65MHz at a gain of 10. 
The HA-5004 may be used in place of a conventional op 
amp with a significant improvement in speed power product. 

Several features have been designed in for added value. A 
thermal overload feature protects the part against excessive 
junction temperature by shutting down the output. If this fea¬ 
ture is not needed. It can be inhibited via a TTL input (TOI). 
A TTL chip enable/disable (OE) is also provided; when the 
chip is disabled its output is h igh impedance. Finally, an 
open collector output flag (TOL) is provided to indicate the 
status of the chip. The status flag goes low to indicate when 
the chip is disabled due to either the internal Thermal Over¬ 
load shutdown or the external disable. 

In order to maximize bandwidth and output drive capacity, 
internal current limiting is not provided. However, current lim¬ 
iting may be applied via the Vc+ and Vq- pins which provide 
power separately to the output stage. 

For Military grade product refer to the HA-5004/883 data 
sheet. 


Pinout 



HA-5004 

i 

[PDIP, CDIP, SOIC) 
TOP VIEW 

Vc* 

IB! 

OUT 

-iBI- 

•i-BAL 

-ISS- 

-BAL 


Vcc 

s^B- 

TCM 

s^Be 

OE 



INPUTS 

TEMP 


TOI 

ni 

0 

0 

Normal 

0 

0 

High* 


(OPEN 

COLLECTOR) 


OPERATION 


Auto Shutdown, Hi-Z OUT 


Manual Shutdown, HI-Z OUT 


- 180°C Typical 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-S004 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Supply Voltage (Between V+ and V- Terminals).40V Operating Temperature Range 


Differential Input Voltage.5V 

DC Input Voltage. ±Vsupply 


HA-5004-9.-40°C ^ T^ ^ +85°C 

HA-5004-5 . 0°C ^ T. ^ +75°C 


Output Current.±120mA Max (^25% Duty Cycle) Storage Temperature Range.-65°C 50°C 

Junction Temperature (Note 10).+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Str&sses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectrical Specifications Vcc = Vc+ = +i 5V, Vee = Vq. = -i 5V, Rg = soo, Rl = i ooo, Av = +i, Rp = 2500 , oe = o.8V, toi = o.sv 

or 2.0V, Unless Otherwise Specified 



INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current (+lnput Only) (Note 2) 


Input Resistance (-Input) 


Input Resistance (+lnput) 


input Capacitance 


Common Mode Range 


DISTORTION AND NOISE 


Total Harmonic Distortion 2Vp.p, 200kHz 


Input Noise Voltage 10Hz to 1MHz 


Input Noise Voltage Density (Note 3) 


Input Noise Current Density (Note 3) 


DIGITAL I/O CHARACTERISTICS 


Logic Inputs (OE and TO) 


Logic Output (TOL) (Open Collector) 


l,uatV, = 0.4V 


VoL at 800pA 


2-449 


OPERATIONAL 

AMPLIFIERS 










































































































Specifications HA-5004 


Electrical Specifications \/cc=Vc*= Vee =^ c -= -isv, Rs soo, - looo, Av » + 1 , Rp= 250 a, oe = o.8v, toi = o.8V 

or 2.0V, Unless Otherwise Specified (Continued) 


PARAMETER 

TEMP 

HA>5004-5,-9 LIMITS 

UNITS 


TYP 

MAX 

TRANSFER CHARACTERISTICS 

DC Gain Error (Note 4) 

Small Signal 
(±100mV) 

+25°C 

- 

0.25 

0.43 

% 

Full 

- 

0.25 

0.75 

% 

Large Signal 

(±10V) 

(Rl=1K) 

+25®C 

- 

0.25 

0.43 

% 

Full 

- 

0.25 

0.75 

% 

DC Voltage Gain (Small and Large Signal) 

+25°C 

233 

400 

- 

v/v 

Full 

133 

400 

- 

v/v 

DC Transimpedance (Note 5) 

+25°C 

- 

100 

- 

V/mA 

Full 

33 

100 


V/mA 

<3dB Bandwidth Ay = +1 (Note 6) 

+25°C 


100 


MHz 

Gain Flatness 

DC to 5MHz 

+25°C 


0.03 


dB 

DC to 10MHz 

+25°C 


0.05 


dB 

Differential Gain (Notes 6,7,8) 3.58MHz 

Avcl = +■* 

+25°C 


0.035 


% 

Avcl = +2 

+25°C 


0.058 


% 

Differential Gain (Notes 6,7,8) 4.43MHz 

r* 

II 

+ 

+25®C 


0.035 


% 

Avcl = +2 

+25°C 

- 

0.058 


% 

Differential Phase (Notes 6,7) 3.58MHz 

Avcl = +1 

+25°C 

- 

0.15 


Degrees 

Avcl = +2 

+25°C 

- 

0.23 


Degrees 

Differential Phase (Notes 6,7) 4.43MHz 

Avcl = +*• 

+25°C 

- 

0.17 


Degrees 

Avcl = +2 

+25°C 

■ 

0.24 


Degrees 

ComrTK}n Mode Rejection Ratio (Note 9) 

Full 

- 

58 


dB 

Minimum Stable Gain 

Full 

1 

- 


V/V 


OUTPUT CHARACTERISTICS 


CXitput Voltage Swing 

RL = 100i2 

+25®C 

±9.0 

±9.5 


RL=1kQ 

+25°C 

±11.5 

±11.8 


Rl=100Q 

Full 

±8.0 

±9.5 


RL=1kQ 

Full 

±10.5 

±11.8 


Full Power Bandwidth (Av = +1) (Vqut = 4Vp.p) 

+25°C 

- 

50 




Output Resistance, Open Loop 


Output Current 


Output Enable Time (Hi Z to ±2V) 


Output Disable Time (±2V to Hi Z) 


Output Leakage (Disabled) 


















































































































































Specifications HA-5004 


Electrical Specifications Vco = Vc* = +15V, Vee = Vc. =-i5V, Rg = son, Rl = 100 Q, Ay=+ 1 , Rf= 25on, OE = o.8v, toi = o.8v 
or 2.0V, Unless Otherwise Specified (Continued) 


PARAMETER 

TEMP 

TRANSIENT RESPONSE 

Rise Time/Fall Time (200mV Step) 

+25®C 

Propagation Delay (10V Step) 

+25°C 

Slew Rate (10V Step) 

+25®C 

Settling Time (0.1%, 10V Step) 

+25°C 

Overshoot 

+25°C 


POWER SUPPLY CHARACTERISTICS 


Supply Current 

(Enabled) 

+25®C 



Full 


(Disabled) 

+25°C 

Power Supply Rejection Ratio 

Full 



1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be imparled. Func¬ 
tional operation under any of these conditions is not necessarily implied. 

2. The inverting input is a low impedance point; Bias Current and Offset Current, are not specified for this terminal. 

3. See typical performance curves. 

^ ^ 1 . 


4 . Gain Error 


- -vr u-X 100% 

DC Voltage Gam 


5 . DC Transimpedance = -.:. .., Rc = 250 Q 

Gam Error r 

0" ^iN ~ 300mVp.p 
7- Voffset “ 1-OV 

8. Differential Gain (dB) = 0.0869 Differential Gain (%) 

9. VcM = ±10V 

10. Maximum power dissipation. Including load condition, must be designed to maintain the junction temperature below +175®C for the 
ceramic DIP, and below +150°C for the plastic packages. See Thermal Resistances In the "Die Characteristics" section. 
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Schematic Diagram 






Die Characteristics 


Transistor Count. 

.64 

Thermal Constants (°C/W) 

®JA 

0jc 

Die Dimensions. 

. 93x63x19mils 

Ceramic DIP.. 

. 71 

14 


(2370 x1600 x480pm) 

Plastic DIP.. 

. 107 

38 

Substrate Potential. 

Process. 


SOIC. 

. 118 

36 


Typicai Performance Curves Vsupply = 5v, = +25®c, umess otherwise specified. 



FIGURE 1. GAIN AND PHASE vs FREQUENCY 



1M 10M 100M 

FREQUENCY (Hz) 

FIGURE 2. FREQUENCY RESPONSE vs SUPPLY VOLTAGE 




IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


FIGURE 3. FREQUENCY RESPONSE vs Ci. FIGURE 4. MAXIMUM UNDISTORTED SINEWAVE OUTPUT vs 

Vcc = ±16V, Ay = +2, Rl = 1 kO, Input = 10mV FREQUENCY 

Vcc = ±15V, Ay = +1, Sinewave Input 























•N (nVWHz) g impedance (Q) 


TypiCSl PeiiorrnSnCB Curves Vsupply * = +26°C, unless otherwise specified. (Continued) 



IK 10K 100K 1M 10M 


FREQUENCY (Hz) 

JURE 5. CLOSED LOOP OUTPUT IMPEDANCE V8 
FREQUENCY 



10 100 IK 10K 100K 

FREQUENCY (Hz) 

FIGURE?. NOISE VOLTAGE VS FREQUENCY 

Vcc = ±15V 



0 2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 

FIGURE 6. SUPPLY CURRENT V8 SUPPLY VOLTAGE 



10 100 IK 10K 100K 

FREQUENCY (Hz) 


FIGURES. NOISE CURRENT VS FREQUENCY 
Vcc = ±15V 














































HA-5004 


Switching Waveforms 

LARGE SIGNAL RESPONSE. Ay > +1 

Vertical Scale: 5V/Dlv. 
Horizontal Scale: 20ns/Div. 



INPUT 


OUTPUT 


Ay = +1, V3ypp^Y ~ ±15V 


PROPAGATION DELAY 

Vertical Scale: 2V/Div. 
Horizontal Scale: 20ns/Div. 



Ay = +1, V3Upp|_Y = ±15V 
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2490 


V|N 



VoUT 


FIGURE 9. TEST CIRCUIT 


SMALL SIGNAL RESPONSE 

Vertical Scale: lOOmV/Div. 
Horizontal Scale: 20ns/Div. 



Ay = +1, VgyppiY = ±15V 












































































HA-5004 


Applications Information 

Theory of Operation 

The HA-5004 is a high performance amplifier that uses cur¬ 
rent feedback to achieve its outstanding performance. 
Although it is externally configured like an ordinary op amp 
in most applications, its internal operation is significantly dif¬ 
ferent. 

Inside the HA-5004, there is a unity gain buffer from the non- 
inverting (+) Input to the inverting-input (as suggested by the 
circuit symbol), and the inverting terminal is a low imped¬ 
ance point. Error currents are sensed at the Inverting input 
and amplified; a small change in input current produces a 
large change in output voltage. The ratio of output voltage 
delta due to input current delta is the transimpedance of the 
device. 

Steady state current at the inverting input is very small 
because the transimpedance is large. The voltage across 
the input terminals is nearly zero due to the buffer amplifier. 
These two properties are similar to standard op amps and 
likewise simplify circuit analysis. 

Resistor Selection 

The HA-5004 is optimized for a feedback resistor of 250U 
regardless of gain configuration. It is important to note that 
this resistor is required even for unity gain applications; 
higher gain settings use a second resistor like regular op 
amp circuits as shown in Figure 10 below. 


+5V 



FIGURE 10. TYPICAL APPLICATION CIRCUIT, Ay = +2 


Power Supplies 

The HA-5004 will operate over a wide range of supply 
voltages with excellent performance. Supplies may be either 
single-ended or split, ranging from 6V (±3V) to 36V (±18V). 
Appropriate reduction in input and output signal excursion is 
necessary for operation at lower supply voltages. Bypass 
capacitors from each supply to ground are recommended, 
typically a 0.01 ceramic in parallel with a 4.7pF electro- 
l>1lc. 

Current Limit 

No internal current limiting is provided for the HA-5004 in' 
order to maximize bandwidth and slew rate. However, power 
is supplied separately to the output stage via pins 1 (Vc+) 
and 14 (Vc) so that external current limiting resistors may 
be used. If required, 100G resistors to each supply rail are 
recommended. 

Enable/Dlsable and Thermal Overload Operation 

Th^A-5004 operates normally with a TTL low state on pin 
7 (OE) but it may be disabled manually by a TTL high state 
at this input. When disabled, the output and inverting-input 
go to a high impedance state and the circuit is electrically 
deblased, reducing supply current by about 5mA. It Is impor¬ 
tant to keep the differential input voltage below the absolute 
maximum rating of 5V when the device Is disabled. 

if the power dissipation becomes excessive and chip 
temperature exceeds approximately 180°C, the HA-5CX)4 will 
automatically disable itself. The ther mal o verload condition 
will b e indicated by a low state at the TOL output on pin 10. 
(TOL Is also low for manual shutdown via pin 7). Automatic 
thermal shutdown can be bypassed by a TTL high state on 
Thermal Overload Inhibit (TOI) pin 6. See the truth table for a 
summary of operation. 

Offset Adjustment 

Offset voltage may be nulled with a 5kG potentiometer 
between pins 3 and 4, center tapped to the positive supply. 
Setting the slider towards pin 3 (+BAL) increases output 
voltage; towards pin 4 (-BAL) decreases output voltage. 
Offset can be adjusted by about ±10mV with a 5K pot; this 
range is extended with a lower resistance potentiometer. 
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SEMICONDUCTOR 


HA-5020 


March 1993 


10OMHz Current Feedback 
Video Amplifier 


Features 

• Wide Unity Gain Bandwidth.100MHz 

• Slew Rate. 800V/)xs 

• Output Current.±30mA (Min) 

• Drives 3.5V into 750 

• Differential Gain.0.025% 

• Differential Phase.0.025 Deg 

• Low Input Voltage Noise.4.5nV/VPiz 

• Low Supply Current.10mA (Max) 

• Wide Supply Range.±5V to ±15V 

• Output Enable/Disable 

• High Performance Replacement for EL2020 

Applications 

• Unity Gain Video/Wideband Buffer 

• Video Gain Block 

• Video Distribution Amp/Coax Cable Driver 

• Flash A/D Driver 

• Waveform Generator Output Driver 

• Current to Voltage Converter; D/A Output Buffer 

• Radar Systems 

• Imaging Systems 


Description 

The HA-5020 is a wide bandwidth, high slew rate amplifier 
optimized for video applications and gains between 1 and 
10. Manufactured on Harris’ Reduced Feature Complemen¬ 
tary Bipolar Di process, this amplifier uses current mode 
feedback to maintain higher bandwidth at a given gain than 
conventional voltage feedback amplifiers. Since it is a closed 
loop device, the HA-5020 offers better gain accuracy and 
lower distortion than open loop buffers. 

The HA-5020 features low differential gain and phase and 
will drive two double terminated 75^ coax cables to video 
levels with low distortion. Adding a gain flatness perfor¬ 
mance of 0.1 dB makes this amplifier ideal for demanding 
video applications. The bandwidth and slew rate of the 
HA-5020 are relatively Independent of closed loop gain. The 
100MHz unity gain bandwidth only decreases to 60MHz at a 
gain of 10. The HA-5020 used in place of a conventional op 
amp will yield a significant Improvement in the speed power 
product. To further reduce power, the HA-5020 has a disable 
function which significantly reduces supply current, while 
forcing the output to a true high impedance state. This allows 
the outputs of multiple amplifiers to be wire-OR’d into multi¬ 
plexer configurations. The device also includes output short 
circuit protection and output offset voltage adjustment. 

The HA-5020 offers significant enhancements over compet¬ 
ing amplifiers, such as the EL2020. Improvements include 
unity gain bandwidth, slew rate, video performance, lower 
supply current, and superior DC specifications. 

The HA-5020 is available in commercial and Industrial tem¬ 
perature ranges, and a choice of packages. See the “Order¬ 
ing Information” section below for more information. For 
military grade product, please refer to the HA-5020/ 883 data 
sheet. 



Pinout 




HA-5020 


( 

PDIP, CDIP, SOIC) 


TOP VIEW 


BAL E 


S DISABLE 

-IN [7 


7] V+ 

+IN |T 


T\ OUT 

v-E 


T] BAL (Note 2) 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA3-5020-5 

0®C to +75®C 

8 Lead Plastic DIP 

HA7-5020-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA9P5020-5 

0°C to +75°C 

8 Lead SOIC 

HA3-5020-9 

-40®C to +85°C 

8 Lead Plastic DIP 

HA7-5020-9 

-40°C to +85°C 

8 Lead Ceramic DIP 

HAO-5020-6 

-40°C to +85°C 

DIE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 o a k-t 
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Specifications HA-5020 


Absolute Maximum Ratings (Note i) 


Operating Temperature Range 


Voltage Between V+ and V- Terminals.36V HA-5020-5. 0®C ^ ^ +75®C 

DC Input Voltage. ±Vsupply HA-5020-9.-40°C +85®C 

Differential Input Voltage.10V Storage Temperature Range.-65°C ^ T>^ ^ +150°C 

Output Current.Short Circuit Protected Thermal Package Characteristics (°C/W) Ojc Oja 

Junction Temperature (Note 19).+175°C Plastic DIP. 34 96 

Junction Temperature (Plastic Package) (Note 19).+150®C Ceramic DIP. 35 115 

SOIC. 43 158 

CAUTION: Stresses above those listed in “Absoiute Maximum Ratings” may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operatbnal sections of this specification is not implied. 


Electrical Specifications v+ = -»-i5V, v- -15V, Rp» ika Ay ::: +1, Rl » 40oa c,. ^ lOpR 
Unless Otherwise Specified 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage (Notes 2,20) 


Average Input Offset Voltage Drift 


V|o Common Mode Rejection Ratio (Notes 3,20) 


V|o Power Supply Rejection Ratio (Notes 4,20) 


Non-Inverting Input (+IN) Current (Note 20) 


+IN Common Mode Rejection (Note 3) 


+IN Power Supply Rejection (Note 4) 


Inverting Input (-IN) Current (Note 20) 


-IN Common Mode Rejection (Note 3) 


-IN Power Supply Rejection (Note 4) 


TRANSFER CHARACTERISTICS 



Transimpedence (Note 20) 

+25°C 

3500 


Full 

1000 

Open Loop DC Voltage Gain (Note 12) 

+25°C 

70 

Rl = 400£2,Vout= ±10V 

Full 

65 

Open Loop DC Voltage Gain 

+25°C 

60 

Rl=1000, Vout = ±2.5V 

Full 

55 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 20) 

+25°Cto+85°C 

±12 



-40°Cto0°C 
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Specifications HA-5020 



Electrical Specifications v+=+i5v, v-=-isv, Rf = ika Ay = +i, =40oa Cl £ lOpF, 

Unless Otherwise Specified (Continued) 


PARAMETER 


Output Current 

(Guaranteed by Output Voltage Test) 


POWER SUPPLY CHARACTERISTICS 


Quiescent Supply Current (Note 20) 


Supply Current, Disabled (Notes 5,20)) 


Disable Pin Input Current (Note 5) 


Minimum Pin 8 Current to Disable (Note 6) 


Maximum Pin 8 Current to Enable (Note 7) 


AC CHARACTERISTICS (Ay = +1) 


Slew Rate (Note 8) 


Full Power Bandwidth (Note 9) 
(Guaranteed by Slew Rate Test) 


Rise Time (Note 10) 


Fall Time (Note 10) 


Propagation Delay (Notes 10,20) 


-3dB Bandwidth (Notes 11,20) 


Settling Time to 1%, 10V Output Step 


Settling Time to 0.25%, 10V Output Step 


AC CHARACTERISTICS (Ay = +10, Rp = 383G) 


Slew Rate (Notes 8,12) 


Full Power Bandwidth (Note 9) 
(Guaranteed by Slew Rate Test) 


Rise Time (Note 10) 


Fall Time (Note 10) 


Propagation Delay (Notes 10,20) 


-3dB Bandwidth (Note 11) 


Settling Time to 1%, 10V Output Step 


Settling Time to 0.1%, 10V Output Step 


HARRIS VALUE ADDED SPECIFICATIONS 


Input Noise Voltage (f = 1kHz) (Note 20) 


+lnput Noise Current (f = 1kHz) (Note 20) 


-Input Noise Current (f = 1kHz) (Note 20) 


Input Common Mode Range 


-Ibias Adjust Range (Note 2) 


Overshoot (Note 20) 



V/ps 


V/ps 


MHz 


MHz 


ns 



MHz 


ns 
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Specifications HA-5020 


Electrical Specifications v+ = +i5V, v- = -i5V, Rp = iko, Av = +i, Rl = 400 q, Cl < lOpF, 
Unless Otherwise Specified (Continued) 


PARAMETER 


Output Current (Short Circuit, Notes 13,20) 


Output Current (Disabled, Notes 5,14,20) 


Output Disable Time (Notes 15,20) 


Output Enable Time (Notes 16,20) 


Supply Voltage Range 


Output Capacitance (Disabled, Notes 5,17) 


VIDEO CHARACTERISTICS 


Differential Gain (Notes 18,20,21) 


Differential Phase (Notes 18,20,21) 


Gain Flatness to 5MHz 


Chrominance to Luminance Gain (Note 18) 


Chrominance to Luminance Delay (Note 18) 



1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions is not necessarily implied. 

2. Suggested Vqs Adjust Circuit: The inverting input current (-Ibias) can be adjusted with an external lOkD pot between pins 1 and 5, wiper 
connected to V+. Since -Ibias flows through the feedback resistor (Rp), the result Is an adjustment In offset voltage. The amount of offset 
voltage adjustment is determined by the value of Rp (AVqs = A-lbias*Rp). 

3. VcM = ±10V. 

4. ±4.5V^Vs<±18V. 

5. Disable = 0V. 

6. Rl = 10OQ, V|N = 10V. This Is the minimum current which must be pulled out of the Disable pin In order to disable the output. The output 
Is considered disabled when -lOmV < Vqut ^ +10mV. 

7. V||s| = OV. This Is the maximum current that can be pulled out of the Disable pin with the HA-5020 remaining enabled. The HA-5020 is 
considered disabled when the supply current has decreased by at least 0.5mA. 

8. Vqut switches from -10V to +10V, or from +10V to -10V. Specification is from the 25% to 75% points. 

Slew Rate 

9- -:Vpeak = iov. 


10. Rl = 100Q, Vqut = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 

11. Rl = 400Q, Vqut = lOOmV. 

12. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

13. V|N = ±10V, VouT = 0V. 

14. VouT = ±10V. 

15. V|N = +10V, Disable = +15V to OV. Measured from the 50% point of Disable to Vqut * OV. 

16. V|N = +1 OV, Disable = OV to +15V. Measured from the 50% point of Disable to Vqut = 10V. 

17. V|N = OV, Force Vqut froni OV to ±10V, tp = tp = 50ns. 

18. Measured with a VM700A video tester using a NTC-7 composite VITS. 

19. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for ceramic pack¬ 
ages, and below +150°C for plastic packages. 

20. See “Typical Performance Curves" for more Information. 

21. Rl = 150Q 


2-460 
























































HA-5020 


Die Characteristics 

DIE DIMENSIONS: 

1640^m X 1520^im x 483^m ±25.4^m 

METALLIZATION: 

Type: Aluminum. 1% Copper 
Thickness: 16kA±2kA 

WORST CASE CURRENT DENSITY; 

5.77 X 10^ A/cm^ at 30mA 

SUBSTRATE POTENTIAL (POWERED UP): V- 


GLASSIVATION: 

Type: Nitride over Silox 
Silox Thickness: 12kA±2kA 
Nitride Thickness: 3.5kA ± 1kA 

TRANSISTOR COUNT: 62 

PROCESS: High Frequency Bipolar Dielectric Isolation 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 


Metallization Mask Layout 


J| 
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CURRENT OiA) INPUT NOISE VOLTAGE (nVVRz) 


HA-5020 
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HA-5020 


Typical Performance Curves Vsupply =±i sv. =+i, Rf = i wj, Ru= 4ooa t* = +25”c, 

Unless Otherwise Specified (Continued) 



3 5 7 9 11 13 15 1 3 5 7 9 11 13 IS 

SUPPLY VOLTAGE (±V) DISABLE INPUT VOLTAGE (V) 

FIGURE 7. DISABLE SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 8. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE 
Average of 30 Units from 3 Lots 


DISABLE s OV 
V|N = 5Vp-p 
Re a 7500 


V0UT-+IOV 



0 2 4 6 8 10 12 14 16 18 20 

FREQUENCY (MHz) 


VouT*-10V 


•60 -40 -20 0 20 40 60 80 1 00 120 140 

TEMPERATURE (<>C) 


FIGURE 9. DISABLE MODE FEEDTHROUGH vs FREQUENCY FIGURE 10. DISABLED OUTPUT LEAKAGE vs TEMPERATURE 

Average of 30 Units from 3 Lots 


-10 -8 -6 -4 -2 0 2 4 6 8 10 

OUTPUT VOLTAGE (V) 

FIGURE 11. ENABLE/DISABLE TIME vs OUTPUT VOLTAGE 
Average of 9 Units from 3 Lots 
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FIGURE 12. NON-INVERTING GAIN vs FREQUENCY 
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-3dB BANDWIDTH (MHz) Z! -SdB BANDWIDTH (MHz) NORMAUZED GAIN (dB) 


HA-5020 
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GAIN PEAKING (dB) INVERTING PHASE (DEGREES) 

























HA-5020 


Typical Performance Curves Vsupply = ±i sv, Av=+ i. Rf= i ko, Rl=■ wou =+ 25 °c, 

Unless Otherwise Specified (Continued) 



^ -40 -20 


0 20 40 60 80 100 120 140 

TEMPERATURE (®C) 


FIGURE 19. REJECTION RATIOS vs TEMPERATURE 

Average of 30 Units from 3 Lots 
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FIGURE 20. REJECTION RATIOS vs FREQUENCY 
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FIGURE 21. OUTPUT SWING OVERHEAD vs TEMPERATURE FIGURE 22. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
Average of 30 Units from 3 Lots 



401-1-L- 

-60 -40 -20 


0 20 40 60 80 100 120 140 

TEMPERATURE (®C) 


FIGURE 23. SHORT CIRCUIT CURRENT LIMIT vs 
TEMPERATURE 
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FIGURE 24. SMALL SIGNAL PULSE RESPONSE 

Vertical Scale: V,n = lOOmV/Div.; Vqut = lOOmV/Div. 
Horizontal Scale: 20ns/Div 
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DISTORnON(dBc) 


HA-5020 


Typical Performance Curves Vsupply=± i5v, Av=+ i, Rf = ika Rl * 4ooi^ = +25°c, 

Unless Otherwise Specified (Continued) 




FIGURE 25. LARGE SIGNAL PULSE RESPONSE 

Vertical Scale: V,n = 5V/Dlv.; Vqut = 5V/Div. 
Horizontal Scale: 50ns/Div. 


•60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (®C) 

FIGURE 26. PROPAGATION DELAY vs TEMPERATURE 
Average of 18 Units from 3 Lots 
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SUPPLY VOLTAGE (±V) 

FIGURE 27. PROPAGATION DELAY vs SUPPLY VOLTAGE 

Average of 18 Units From 3 Lots 
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LOAD RESISTANCE (O) 


800 1000 


FIGURE 28. SMALL SIGNAL OVERSHOOT vs LOAD 
RESISTANCE 


Vo = 2Vp-p 
Cls30pF 


3''*jORDERIMD 
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1M 
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FIGURE 29. DISTORTION vs FREQUENCY 



3 5 7 9 11 13 1 

SUPPLY VOLTAGE (±V) 

FIGURE 30. DIFFERENTIAL GAIN vs SUPPLY VOLTAGE 
Average of 18 Units from 3 Lots 
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DIFFERENTIAL PHASE (DEGREES) 


HA-5020 


Typical Performance Curves Vsupply = ±15V, Av=+ i. Rf = iko, Rl = 4ooq, t*=+ 2500 , 

Unless Otherwise Specified (Continued) 



3 5 7 9 11 13 1! 

SUPPLY VOLTAGE (±V) 

FIGURE 31. DIFFERENTIAL PHASE vs SUPPLY VOLTAGE 
Average of 18 Units from 3 Lots 
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FIGURE 32. SLEW RATE vs TEMPERATURE 
Average of 30 Units from 3 Lots 
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SEMICONDUCTOR 


HA5022, HA5024 


ADVANCE INFORMATION 

April 1993 


Dual, Quad 100MHz Video Current 
Feedback Amplifier with Disable 


Features 

• Dual, Quad Versions of HA-5020 

• Output Enable/Disable 

• Wide Unity Gain Bandwidth.100MHz 

^ Slew Rate.OCCViVs 

• Output Current.±30mA 

• Differential Gain.0.025% 

• Differential Phase..0.025 Degrees 

• Supply Current (per Amplifier).7.5mA 

• Supply Range.±5Vto±15V 

• Crosstalk Rejection at 10MHz.-60dB 

• ESD Protection.>2000V 

• Guaranteed Specifications at ±5V and ±15V Supplies 

Applications 

• Video Multiplexers; Video Switching and Routing 

• Video Gain Block 

• Video Distribution Amplifier/ RGB Amplifier 

• Flash A/D Driver 

• Current to Voltage Converter; DAC Buffer 

• Medical Imaging 

• Radar and Imaging Systems 


Description 

The HA5022 and HA5024 are dual and quad versions of the 
popular Harris HA-5020. They feature wide bandwidth and 
high slew rate, and are optimized for video applications and 
gains between 1 and 10. Both are current feedback amplifi¬ 
ers and thus yield less bandwidth degradation at high closed 
loop gains than voltage feedback amplifiers. 

The low differential gain and phase, 0.1 dB gain flatness, and 
ability to drive two back terminated 75Q cables, make these 
amplifiers ideal for demanding video applications. 

The HA5022 and HA5024 also feature a disable function that 
significantly reduces supply current while forcing the output 
to a true high impedance state. This functionality allows 2:1 
and 4:1 video multiplexers to be Implemented with a single 1C. 

The current feedback design allows the user to take advan¬ 
tage of the amplifier’s bandwidth dependency on the feed¬ 
back resistor. By reducing RF, the bandwidth can be 
increased to compensate for decreases at higher closed 
loop gains or heavy output loads. 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PRODUCT 

DESCRIPTION 

HA5022IP 

-40°C to +85°C 

16 Lead Plastic DIP 

HA5022IJ 

-40°C to +85°C 

16 Lead Ceramic DIP 

HA5022IB 

-40°C to +85°C 

16 Lead Narrow Body SOIC 

HA5024IP 

-40”C to +85'’C 

20 Lead Plastic DIP 

HA5024IJ 

-40°C to +85°C 

20 Lead Ceramic DIP 

HA5024IB 

-40°C to +85°C 

20 Lead SOIC 


Pinouts 


HA5022 

(PDIP, CDIP, 150 MIL SOIC) 
TOP VIEW 



HA5024 

(PDIP, CDIP, SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 r> agq 
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SEMICONDUCTOR 


HA5023, HA5025 


ADVANCE INFORMATION 

April 1993 


Dual, Quad 100MHz Video 
Current Feedback Amplifier 


Features 

• Wide Unity Gain Bandwidth.100MHz 

• Slew Rate. 800V/)xs 

• Output Current.±30mA 

• Differential Gain.0.025% 

• Differentiai Phase.0.025 Deg. 

• Supply Current (per Amplifier).7.5mA 

• Supply Range.±5V to±15V 

• Crosstalk Rejection at 10MHz.-60dB 

• ESD Protection.>2000V 

• Guaranteed Specifications at ±5V and ±15V Suppiies 

Applications 

• Video Gain Block 

• Video Distribution Amplifier/ RGB Amplifier 

• Flash A/D Driver 

• Current to Voltage Converter; DAC Buffer 

• Medical Imaging 

• Radar and Imaging Systems 

• Video Switching and Routing 


Description 

The HA5023 and HA5025 are wide bandwidth high slew rate 
dual and quad amplifiers optimized for video applications 
and gains between 1 and 10. They are current feedback 
amplifiers and thus yield less bandwidth degradation at high 
closed loop gains than voltage feedback amplifiers. 

The low differential gain and phase, 0.1 dB gain flatness, and 
ability to drive two back terminated 75Q cables, make these 
amplifiers ideal for demanding video applications. 

The current feedback design allows the user to take advan¬ 
tage of the amplifier’s bandwidth dependency on the feed¬ 
back resistor. By reducing Rp, the bandwidth can be 
increased to compensate for decreases at higher closed 
loop gains or heavy output loads. 

The performance of the HA5023 and HA5025 Is very similar 
to the popular Harris HA-5020. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PRODUCT 

DESCRIPTION 

HA5023IP 

-40°C to +85°C 

8 Lead Plastic DIP 

HA5023IJ 

-40°C to +85°C 

8 Lead Ceramic DIP 

HA5023IB 

-40°Cto+85°C 

8 Lead SOIC 

HA5025IP 

-40°Cto+85°C 

14 Lead Plastic DIP 

HA5025IJ 

^0°C to +85°C 

14 Lead Ceramic DIP 

HA5025IB 

-40*^0 to +85°C 

16 Lead Wide Body SOIC 


Pinouts 


HA5023 

(PDIP, CDIP, SOIC) 
TOP VIEW 


OUT1 \j_ 
-INI [£ 
+IN1 [7 
V-E 


^ v+ 

j\ OUT2 

7] -IN2 
U +IN2 


HA5025 
(PDIP, CDIP) 
TOP VIEW 



HA5025 
(300 MIL SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 o 
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SEMICONDUCTOR 


HA‘5033 


March 1993 


Video Buffer 


Features 

• Differential Phase Error.0.02 Degree 

• Differential Gain Error.0.03% 

• High Slew Rate. IIOOV/^s 

• Wide Bandwidth (Small Signal). 250MHz 

• Wide Power Bandwidth.DC to 17.5MHz 

• Fast Rise Time.Sns 

• High Output Drive.±10V With lOOQ Load 

• Wide Power Supply Range.±5V to ±16V 

• Replace Costly Hybrids 

Applications 

• Video Buffer 

• High Frequency Buffer 

• Isolation Buffer 

• High Speed Line Driver 

• Impedance Matching 

• Current Boosters 

• High Speed A/D Input Buffers 

• For Further Application Ideas, See App. Note 548 


Description 

The HA-5033 Is a unity gain monolithic I.C. designed for any 
application requiring a fast, wideband buffer. Featuring a 
bandwidth of 250MHz and outstanding differential phase/ 
gain characteristics, this high performance voltage follower is 
an excellent choice for video circuit design. Other features, 
which include a minimum slew rate of lOOOV/ps and high 
output drive capability, make the HA-5033 applicable for line 
driver and high speed data conversion circuits. 

The high performance of this product is a result of the Harris 
Dielectric Isolation process. A major feature of this process 
is that it produces both PNP and NPN high frequency 
transistors which makes wide bandwidth designs, such as 
the HA-5033, practical. Alternative process methods 
typically produce a lower AC performance. 

For the HA-5033 in 8 Lead SOIC with reduced thermal rating 
contact the factory. 

Ordering Information 


PART NUMBER 

HA2-5033-2 

HA2-5033-6 

HA3-5033-5 

HA4-5033-5 


TEMPERATURE 

RANGE PACKAGE 

- 550 c to +1 250 c 12 Pin Can 


0°Cto+75°C 
0®C to +75°C 
0°C to +75®C 


12 Pin Can 
8 Lead Plastic DIP 
20 Lead PLCC 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 o A- 7 r\ 
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Specifications HA-5033 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- Pins. 

.40V 

Operating Temperature Ranges 


DC Input Voltage. 

...V+toV- 

HA-5033-2. 

.-55°C^Ta^+125°C 

Output Current (Peak) (50ms On/1 Second Off). 

,.. .±200mA 

HA-5033-5. 

...0°C^Ta:S+75°C 

Internal Power Dissipation (Note 2) 


HA-5033-9. 

. .-40OC ^ Ta ^ +85°C 

TO-8 (+25°C). 

.2.3W 

Storage Temperature Range. 

.-65°C^Ta^+150°C 

Mini-DIP (+25®C). 

.1.3W 

ESD Rating (Note 11). 

.>2000V 

PLCC (+25°C). 

.1.7W 



Maximum Junction Temperature. 

... +175°C 



Maximum Junction Temperature (Plastic Packages) ... 

... +150®C 



Lead Temperature (Soldering 10 Sec.). 

... +300°C 



CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 

of die device at these or any other conditions above those indicated in the operational sections of this specification is not impiied. 


Electricai Specifications Vsupply = ±1 2 V. Rs 

= 500, Rl== 

100O, Cl = lOpF, Unless Otherwise Specified. 



PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Input Resistance 


Input Capacitance 


Input Noise Voltage (Note 3) 


TRANSFER CHARACTERISTICS 


Voltage Gain 


Rl = 100O 

+25°C 

RL = 1kO 

+25®C 

Rl = 100O 

Full 

-3dB Bandwidth 

+25°C 

I OUTPUT CHARACTERISTICS 

Output Voltage Swing 


Rl=100O 

Full 

RL = 1kO(Note4) 

Full 

Output Current 

+25°C 

Output Resistance 

+25°C 

Full Power Bandwidth (Note 5) 

+25°C 

Full Power Bandwidth (Note 7) 

+25°C 

TRANSIENT RESPONSE 

Rise Time (Note 6) 

+25°C 

Propagation Delay 

+25®C 

Overshoot 

+25°C 

Slew Rate (Note 7) 

+25'’C 

Settling Time to 0.1% 

+25°C 

Differential Phase Error (Note 8) 

+25°C 

Differential Gain Error (Note 8) 

+25‘’C 
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Specifications HA-5033 


Electrical Specifications Vsupply = 2V, Rs = 50a Rl = 1 ooa Cl = 10 pF, unless otherwise Specified. (Continued) 



NOTES: 

1 . Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. See thermal constants in ‘Die Characteristics” section. Maxi¬ 
mum power dissipation, including load conditions, must be designed to maintain the maximum junction temperature below +175°C for 
the can package, and below +150°C for the plastic packages. 

2. See thermal constants in ‘Die Characteristics” section. Maximum power dissipation, including load conditions, must be designed to main¬ 
tain the maximum Junction temperature below +175°C for the can package, and below +150°C for the plastic packages. 

3. lOHztolMHz 

4. ±VsyppLY = ±15V 

5. VouT = Rl = 

6. VouT = 500mV 

7. ±VsuppLY = ±15V, VouT = ±1OV, Rl = 1 kn. 

8 . Differential gain and phase error are nonlinear signal distortions found in video systems and are defined as follows: Differential gain error 
is defined as the change in amplitude at the color subcarrier frequency as the picture signal is varied from blanking to white level. Differ¬ 
ential phase error is defined as the change in the phase of the color subcarrier as the picture signal is varied from blanking to white level. 
Rl = 300Q. 

9. V|N = IVr^^s 

10. Typical and minimum specification for the -9 version are the same as those for the -5 version. 

11. Human Body Model. 
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HA-5033 



100Q 


SOOmV 


INPUT 


OUTPUT 


SLEW 

RATE: 

V/AT 


Die Characteristics 

Transistor Count.20 Thermal Constants (°C/W) 

Die Dimensions.57 x 66 x 19 mils HA2-5033 (Can). 

Substrate Potential* HA3-5033 (Plastic DIP) 

Process.High Frequency Bipolar-DI HA4-5033 (PLCC) 

Passivation.Nitride over Silox 

* Connected to “Substrate" bond pad which is dielectrically isolated 
from V+ and V-. 


Test Circuits 


FIGURE 1. SLEW RATE AND SETTLING TIME 


FIGURE 2. TRANSIENT RESPONSE 


ERROR BAND 
±10mVFROM 
FINAL VALUE 


OVERSHOOT 


NOTE: Measured on both positive and negative transitions. 


FIGURE 3. SETTLING TIME 


FIGURE 4. RISE TIME 


+10V RESPONSE 

Ta = + 250 C. Rs = 50Q, Rl = 1000 


+10V RESPONSE 

Ta = +25°C, Rs = 500, Rl = 1 kn 
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Test Circuits (Continued) 


+0.5V PULSE RESPONSE 
T* = +2S°C, Rs = 50Q. Rl = 100Q 



Typicai Performance Curves 



-80 -40 0 +40 +80 +120 +160 


TEMPERATURE (<>0) 


40 


^ 30 


CC 

O 20 

IS 

m 


0 ----'---- 

-55 -25 +25 +75 +125 

TEMPERATURE (®C) 



FIGURE 5. INPUT OFFSET VOLTAGE vs TEMPERATURE vs 
SUPPLY VOLTAGE 


FIGURE 6. INPUT BIAS CURRENT vs TEMPERATURE vs 
SUPPLY VOLTAGE 


30 


3 

>: 












A: V+«+15V,V-a-15V 

B: V+*+12V,V-»-12V 

C: V+a+10Y,V-a-10V 

D: V+ = +5V,Y- = -5Y 
_1_ 


-55 


-25 


+125 


+25 +75 

TEMPERATURE (®C) 

FIGURE 7. SUPPLY CURRENT vs TEMPERATURE vs SUPPLY 
VOLTAGE 



>01 o 











OUTPUT INPUT Vos (^V) OUTPUT INPUT Vqs (mV) 


±V « ±15V, Rl «1000 
TAS-i-25<*C,V|ijs:±10V 
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MAX lour (A) OUTPUT VOLTAGE (Vrms) OUTPUT VOLTAGE (Vrms) 


HA-5033 






0 2 4 6 8 10 

Vout(V) 

FIGURE 25. HA-5033, TO-8, AAVID 5792 6sa - 25^C/W 



Vout(V) 


FIGURE 24. HA-5033 SOA, TOO, NO SINK 


* This curve was obtained by noting the output voltage necessary to 
produce an observable distortion for a given frequency. If higher 
distortion is acceptable, then a higher output voltage for a given 
frequency can be obtained. 

However, operating the HA-5033 with increased distortion (to the 
right of curve shown), will also be accompanied by an increase in 
supply current. The resulting increase in chip temperature must be 
considered and heat sinking will be necessary to prevent thermal 
runaway. 

This characteristic is the result of the output transistor operation. If 
the signal amplitude or signal frequency or both are increased 
beyond the curve shown, the NPN, PNP output transistors will 
approach a condition of being simultaneously on. Under this 
condition, thermal runaway can occur. 


2-477 


OPERATIONAL 

AMPLIFIERS 
























HA-5033 


Operating Instructions 

Layout Considerations 

The wide bandwidth of the HA-5033 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 

Probably the most crucial of the RF/video layout rules is the 
use of a ground plane. A ground plane provides isolation and 
minimizes distributed circuit capacitance and inductance 
which will degrade high frequency performance. This ground 
plane shielding can also incorporate the metal case of the 
HA-5033 since pin #2 is internally tied to the package. This 
feature allows the user to make metal to metal contact 
between the ground plane and the package, which extends 
shielding, provides additional heat sinking and eliminates the 
use of a socket, 1C sockets contribute inter-lead capacitance 
which limits device bandwidth and should be avoided. 

For the plastic Minl-DIP, pin 6 can be tied to either supply, 
grounded, or simply not used. But to optimize device perfor¬ 
mance and improve isolation, it is recommended that this pin 
be grounded. 

Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and 
reduces board space. 

Power Supply Decoupling 

For optimum device performance, it is recommended that 
the positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1 ^iF will minimize high frequency variations in 
supply voltage. Solid tantalum capacitors 1|iF or larger will 
optimize low frequency performance. 


it is also recommended that the bypass capacitors be 
connected close to the HA-5033 (preferably directly to the 
supply pins). 



x- 

\ QUIESCENT Pd s 0.72W 
ATVCC±12VJcc»30mA 


45 65 85 105 

AMBIENT TEMPERATURE C’C) 


^JMAX "^^A 

Graph is based on: ” -0- 

JA 


Where: Tji^x * Maximum Junction Temperature of the Device 
Ta = Ambient Temperature 
Oja = Junction to Ambient Thermal Resistance 

FIGURE 26. FREE AIR POWER DISSIPATION 


Typical Applications (Also see Application Note 548) 


Rs . Rm RQ-58 


v,N (-TL) 


10 Ij 


FIGURE 27. VIDEO COAXIAL LINE DRIVER 50C1 SYSTEM 
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Typical Applications (Also see Application Note 548) 

POSITIVE PULSE RESPONSE 

Ta = +25®C, Rs = sou Rm = Rl = 500 

~ 1 ^ 1 ~ to! ^iM 


NEGATIVE PULSE RESPONSE 

\ = +25°C. Rs = 500, Rm = Rl = 500 

''o = ''in " ^ 5^ ''if 


VIDEO ”1 

SIGNAL O—VW 
INPUT 600 


VIDEO 

75Q OUTPUT 


I HA-2539 >-H HA-5033 ] 


1 r 


FIGURE 28. VIDEO GAIN BLOCK 
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HARRIS HA~5101, HA-5111 


April 1993 


Low Noise, High Performance 
Operational Amplifiers 


Features 

• Low Noise... .3.0nV/VHz at 1kHz 

• Wide Bandwidth.10MHz (Compensated) 

100MHz (Uncompensated) 

• High Siew Rate.10V/)xs (Compensated) 

50V/^s (Uncompensated) 

• Low Offset Voitage Drift.3^V/^C 

• High Gain ..1 x10®V/V 

• High CMRR/PSRR.lOOdB 

• High Output Drive Capabiiity..30mA 

Applications 

• High Quality Audio Preamplifiers 

• High Q Active Filters 

• Low Noise Function Generators 

• Low Distortion Oscillators 

• Low Noise Comparators 

• For Further Design Ideas, See Application Note 554 


Description 

The HA-5101/5111 are dielectrically isolated operational 
amplifiers featuring low noise and high performance. Both 
amplifiers have an excellent noise voltage density of 
3.0nV/VHz at 1kHz. The uncompensated HA-5111 Is stable 
at a minimum gain of 10 and has the same DC specifications 
as the unity gain stable HA-5101. The difference in compen¬ 
sation yields a 100MHz gain-bandwidth product and a 
50V/ps slew rate for the HA-5111 versus a 10MHz unity gain 
bandwidth and a lOV/ps slew rate for the HA-5101. 

DC characteristics of the HA-5101/5111 assure accurate 
performance. The 0.5mV offset voltage is externally adjust¬ 
able and offset voltage drift is just 3pV/°C. An offset current 
of only 30nA reduces input current errors and an open loop 
voltage gain of 1 x 10®V/V increases loop gain for low distor¬ 
tion amplification. 

The HA-5101/5111 are ideal for audio applications, especl- 
ially low-level signal amplifiers such as microphone, tape 
head and phono cartridge preamplifiers. Additionally, it Is 
well suited for low distortion oscillators, low noise function 
generators and high Q filters. 


Pinouts (See Ordering Information on Next Page) 


HA-5101, HA-5111 
(PDIP, CDIP, SOIC) 
TOP VIEW 


HA-5101, HA-5111 
(TO-99 METAL CAN) 
TOP VIEW 


HA-5101 
(PLCC) 
TOP VIEW 




IDIQIQI^aiCBI 



J HU 112] |13J 
» ^ » 


*HA-5101 No Connect 
HA-5111 Compensation 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper l.C. Handling Procedures. 
Copyright © Harris Corporation 1993 _ 
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Specifications HA-5101, HA-5111 


Absolute Maximum Ratings (Note i) Operating Conditions 

Ta = +25^C Unless Otherwise Specified Operating Temperature Range 

Voltage Between V+and V-Terminals.40.0V HA-5101/5111-2. 

Differential Input Voltage.7V HA-5101/5111-5. 

Voltage (at Any Lead). ±Vsupply HA-5101/5111-9. 

Output Current.Full Short Circuit Protection Storage Temperature Range. 

Junction Temperature (Note 8).+175®C 

Junction Temperature (Plastic Packages).-i-150^C 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses sho^e those listed in “Absoiute Maximum Ratings’may cause permanent damage to the device. This is a stress 
of the device at these or any other conditions above those indicated in the operatbnal sections of this specitication is not iny:>lied. 


.-55°CtO+125®C 
... 0®Cto+75°C 
..-40®CtO+85®C 
.-65°Cto+150°C 


only rating and operation 


Electrical Specifications V+ = +15V, V- = -15V. RglOOO, Ri.2kD, C,. 50pF, Unless otherwise Specified. 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 



Output Resistance 


Maximum Load Capacitance 



























































































































































Specifications HA-5101, HA-5111 


Electrical Specifications V+ -i-isv, V- = -ISV, Rs = looa Rl = 2kQ, SOpF, unless otherwise Specified. (Continued) 



POWER SUPPLY CHARACTERISTICS 


Supply Current HA-5101/5111 


Power Supply Rejection Ratio (Note 9) 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. Vout = ±10V,Rl = 2K. 

3. VcM =±10V. 

4. Output current is measured with Voht = ±15V with Vcupply = ±18V. 

low 

5. Full power bandwidth is guaranteed by equation: Full power bandwidth = ^= 10V 

6. Refer to Test Circuits section of the data sheet. Peak 

7. Settling time is measured to 0.01 % of final value for a 10V output step, and Ay=-10 for HA-5111 and 0.01 % of final value for a 10V output 
step, Av = -1 for HA-5101. 

8. See Thermal Constants in "Die Characteristics" text. Maximum power dissipation, including output load, must be designed to maintain 
the maximum junction temperature below +175°C for hermetic packages, and below +150°C for the plastic packages. 

9. Delta Vsupply i5V. 

10. The limits for these parameters are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
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HA-5101, HA-5111 


Die Characteristics 


Transistor Count.54 

Die Dimensions. 69 x 69 x 19 mils 

(1800 X 1800 x 480^m) 

Substrate Potential*.V- or Float 

Process.Bipolar Dl 

* The Substrate may be left floating (Insulating Die Mount) or It may 
be mounted on a conductor at V> potential. 


Thermal Constants (°C/W) 

^JA 

0JC 

HA2-5101/5111 (Can). 

114 

35 

HA3-5101/5111 (PDIP). 

94 

32 

HA4P5101 (PLCC). 

74 

33 

HA7-5101/5111 (CDIP). 

115 

35 

HA9P5101/5111 (SOIC). 

157 

43 


Test Circuits 




FIGURE 1. HA-5101 LARGE SIGNAL RESPONSE CIRCUIT 


FIGURE 2. HA-5101 SMALL SIGNAL RESPONSE CIRCUIT 




Ch. 1 = 2.5V/DIV. Ch. 1 = 10OmV/DIv. 

TImebase = 200ns/Div. Timebase = 10Ons/Div. 

FIGURE 3. HA-5111 LARGE SIGNAL TRANSIENT RESPONSE FIGURE 4. HA-5111 SMALL SIGNAL TRANSIENT RESPONSE 




Ch. 1 = 2.5V/Div. Ch. 1 = 50mV/Dlv. 

Timebase = 1 .OOps/Div. Timebase = 10Ons/Div. 

FIGURE 5. HA-5101 LARGE SIGNAL TRANSIENT RESPONSE FIGURE 6. HA-5101 SMALL SIGNAL TRANSIENT RESPONSE 
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INPUT NOISE VOLTAGE (nV/V?iz) 


HA-5101. HA-5111 


Test Circuits (continued) 




TO 

OSCILLOSCOPE 



FIGURE 7. HA-5111 LARGE AND SMALL SIGNAL RESPONSE 
CIRCUIT 


FIGURE 8. SETTLING TIME CIRCUIT 

Av = -1 (HA-5101). *Av = -10(HA-5111) 

Feedback and summing resistors should be 0.1% 
matched. 

Clipping diodes are optional, HP5082-2810 recom¬ 
mended. 




-50 -25 0 25 50 75 100 

TEMPERATURE (®C) 

FIGURE 10. OFFSET VOLTAGE vs TEMPERATURE 


PEAK-TO-PEAK TOTAL NOISE 0.1Hz TO 1MHz 

Aw = 25000, Vcc = ±15V (12.89mVp-p RTO) 
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INPUT OFFSET CURRENT (nA) 


Typical Performance Curves (Continued) 




TEMPERATURE (®C) TEMPERATURE (®C) 

FIGURE 11. INPUT OFFSET CURRENT vs TEMPERATURE FIGURE 12. INPUT BIAS CURRENT vs TEMPERATURE 



FIGURE 13. SLEW RATE/RISE TIME vs TEMPERATURE 



0 

45 

90 

135 

180 


10 100 IK 10K 100K 1M 10M 100M 

FREQUENCY (Hz) 

FIGURE 14. OPEN-LOOP GAIN/PHASE vs FREQUENCY 



TIME (SECONDS) 

FIGURE 15. INPUT OFFSET WARMUP DRIFT vs TIME (Normalizd 
To Zero Final Value) (Six Representative Units) 



SUPPLY VOLTAGE (±V) 

FIGURE 16. SUPPLY CURRENT vs SUPPLY VOLTAGE 


PHASE SHIFT (DEGREES) 
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HA-5101, HA-5111 
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10M 


FREQUENCY (li 

FIGURE 23. HA-5101 CLOSED-LOOP VC 
FREQUENCY AT DIFFEREN 

\z) 

ILTAGEG 

TCLOSEI 

FREQUENCY (Hz) 

AIN VS FIGURE 24. HA-5101 REJECTION RATIOS vs FREQUENCY 

D-LOOP GAINS 







asB 






FIGURE 25. HA-5111 SETTLING WAVEFORM 500ns/DIV. FIGURE 26. HA-5101 SETTLING WAVEFORM 1.5^s/DIV 


Vsupply«^15V 

-55®C ^ 


100 10K 


100 200 300 400 500 600 

Rload i^) 

FIGURE 27. HA-5101 VqutVsRl 



100 200 300 400 500 600 

Rload i^) 

FIGURE 28. HA-5101 Vqut V8 Rl 
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HA-5101, HA-5111 


Applications Information 

Operation At ±5V Supply 

The HA-5101/11 performs well at Vcc = ±5V exhibiting typi¬ 
cal characteristics as listed below: 


Avol(Vo = ±3V). 

Vqut. 

•out. 

CMRR (AVcm = ±2.5V). 
PSRR(AVcc*0.5V) .. 
Unity Bandwidth (5101) 

GBW(5111). 

Slew Rate (5101). 

Slew Rate (5111)..... 


Input Protection 

The HA-5101/11 has built-in back-to-back protection diodes 
which will limit the differential input voltage to approximately 
7V. If the 5101/11 will be used In conditions where that volt¬ 
age may be exceeded, then current limiting resistors must 
be used. No more than 25mA should be allowed to flow in 
the HA-5101/1 Vs input. 

Comparator Circuit 



Offset Adjustment 

* The following is the recommended V|o adjust configuration: 






■lllllll 



1 10 100 300 

COMPENSATION CAPACITANCE (nF) 


Choose Rmm Such That: - ——^^ ^Ri 

Output Saturation 

When an op amp is overdriven, output devices can saturate 
and sometimes take a long time to recover. Saturation can 
be avoided (sometimes) by using circuits such as: 

pv+ 


jr RpalOOK 

V 6 -isv 

* Proper decoupling is always recommended, 0.1 pF high quality 
capacitor should be at or very near the device’s supply pins. 

Compensation 

An external compensation capacitor can be used with the 
HA-5111 connected between pin 8 and ground (or V-, V+ not 
Recommended). A plot of gain bandwidth product vs com¬ 
pensation capacitor has been included as a design aid. The 
capacitor should be a high frequency type mounted near the 
device leads to minimize parasitics. 




If saturation cannot be avoided the HA-5101/11 recovers 
from a 25% overdrive In about 6.5ps (see photos). 


Top: Input 

Bottom: Output, 5V/Dlv., 2ps/Dlv. 
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SEMICONDUCTOR 


April 1993 


Features 

• Low Noise.4.3nV/Vf5 

• Wide Bandwidth_8MHz (Compensated) 

60MHz (Uncompensated) 

• High Siew Rate.3V/us (Compensated) 

20V/)xs (Uncompensated) 

• Low Offset Voitage.0.5mV 

• Avaiiable in Duals or Quads 

Applications 

• High Q, Active Filters 

• Audio Amplifiers 

• Instrumentation Amplifiers 

• Integrators 

• Signal Generators 

• For Further Design ideas, 

See Application Note 554 


HA-5102, HA~5104 
HA-5112, HA-5114 

Low Noise, High Performance 
Operational Amplifiers 


Description 

Low noise and high performance are key words describing HA-5102/04/ 
12/14. These general purpose amplifiers offer an array of dynamic 
specifications ranging from a 3V/)is slew rate and 8MHz bandwidth 
(5102/04) to 20V/)is slew rate and BOMHz gain-bandwidth-product 
(HA-5112/14). Complementing these outstanding parameters is a very 
low noise specification of 4.3nV/VHz at 1 kHz. 

Fabricated using the Harris high frequency Dl process, these operational 
amplifiers also offer excellent input specifications such as a 0.5mV offset 
voitage and 30nA offset current. Complementing these specifications are 
108dB open loop gain and 60dB channel separation. Consuming a very 
modest amount of power (90mW/ package for duals and 150mW/pack- 
age for quads), HA-5102/04/12/14 also provide 15mA of output current. 

This impressive combination of features make this series of amplifiers 
ideally suited for designs ranging from audio amplifiers and active filters 
to the most demanding signal conditioning and instrumentation circuits. 

These operational amplifiers are avaiiable in dual or quad form with 
industry standard pinouts allowing for immediate inter-changeability with 
most other dual and quad operational amplifiers. 

HA-5102 Dual, Comp. HA-5104 Quad, Comp. 

HA-5112 Dual, Uncomp. HA-5114 Quad, Uncomp. 

Refer to the /883 data sheet for military product. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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HA-5102, HA-5104, HA-5112, HA-5114 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA2-5102-2 

-55°C to +125°C 

8 Pin Can 

HA2-5102-5 

0°C to +75°C 

8 Pin Can 

HA3-5102-5 

0°C to +75®C 

8 Lead Plastic DIP 

HA4P5102-5 

0®C to +75°C 

20 Lead PLCC 

HA7-5102-2 

-55°C to +125°C 

8 Lead Ceramic DIP 

HA7-6102-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA9P5102-5 

0®C to +75°C 

16LeadWidebodySOIC 

HA9P5102-9 

-40°C to +85°C 

16LeadWidebody SOIC 

HA1-5104-2 

-55°C to +125°C 

14 Lead Ceramic DIP 

HA1-5104-5 

0°C to +75°C 

14 Lead Ceramic DIP 

HA3-5104-5 

0°C to +75°C 

14 Lead Plastic DIP 

HA4P5104-5 

0°C to +75®C 

20 Lead PLCC 

HA9P5104-5 

0°C to +75°C 

lOLeadWidebody SOIC 

HA9P5104-9 

-40°C to +85°C 

16 Lead WIdebody SOIC 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA2-5112-2 

-55®C to +125°C 

8 Pin Can 

HA2-5112-5 

0°C to +75°C 

8 Pin Can 

HA3-5112-5 

0°C to +75®C 

8 Lead Plastic DIP 

HA7-5112-2 

-55°C to +125°C 

8 Lead Ceramic DIP 

HA7-5112-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA9P6112-5 

0°C to +75®C 

lOLeadWidebody SOIC 

HA9P5112-9 

-40®C to +85°C 

16 Lead WIdebody SOIC 

HA1-5114-2 

-55°C to +125°C 

14 Lead Ceramic DIP 

HA1-5114-5 

0°C to +75°C 

14 Lead Ceramic DIP 

HA3-5114-5 

0°C to +75®C 

14 Lead Plastic DIP 

HA4P5114-5 

0°C to +75°C 

20 Lead PLCC 

HA9P5114-5 

0°C to +75°C 

16 Lead WIdebody SOIC 

HA9P5114-9 

-40°C to +85°C 

16 Lead WIdebody SOIC 


CM 
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Specifications HA-5102, HA-5104, HA-5112, HA-5114 


Absolute Maximum Ratings (Note 1) Operating Conditions 

= +25°C, Unless Otherwise Stated Operating Temperature Ranges 

Suppiy Voltage Between V+ and V- Terminals.40.0V HA-5102/5104/5112/5114-2 .-55°C < Ta ^ +125®C 

Differential Input Voltage.7V HA-5102/5104/5112/5114-5.0°C ^ Ta +75°C 

Input Voltage (Note 2).±15V HA-5102/5104/5112/5114-9 .-40°C ^ Ta ^ +85°C 

Output Short Circuit Duration (Note 3).Indefinite Storage Temperature Range.-65°C ^ Ta ^ +150°C 

Junction Temperature (Note 4).+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.)..+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings“ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the qoemtional sections of this specification is not impiied. 


Electrical Specifications V+ = 15V D.C., V- = -15V D.C., Unless otherwise Specified 



INPUT CHARACTERISTICS 


Offset Voltage 


Offset Voltage Average Drift 


Bias Current 


Offset Current 


Input Resistance 


Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 5) 


Common Mode Rejection Ratio 
(Note 6) 


Small Signal Bandwidth 
HA-5102/5104 (Av=1) 


Gain Bandwidth Product 
HA-5112/5114(Av=10) 


Channel Separation (Note 7) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 

(RL = 10k^2) 


(RL=:2kG) 


Output Current (Note 8) 


Full Power Bandwidth (Note 9) 
HA-5102/5104 


HA-5112/5114 


Output Resistance 


Minimum Stable Closed Loop Gain 
HA-5102/5104 


HA-5112/5114 


































































































































Specifications HA-5102, HA-5104, HA-5112, HA-5114 


Electrical Specifications V+ = ISV ac., V- = -15V ac., unless Othetwee Specified (Continued) 



Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions Is not necessarily implied. 


2. For supply voltages < ±15V, the absolute maximum Input voltage Is equal to the supply voltage. 

3. Any one amplifier may be shorted to ground Indefinitely. 

4. See thermal constants in “Die Characteristics” section. Maximum power dissipation, including output load, must be designed to maintain 
the maximum junction temperature below -f-175°C for hermetic packages, and below -flSO^C for plastic packages. 

5. VouT = ±10V, RL = 2kQ. 

6. Vcm = ±5.0V. 

7. Channel separation value Is referred to the input of the amplifier. Input test conditions are: f = 10kHz; V|n = 10OmV peak; Rs = 1 kQ. (Refer 
to Channel Separation vs. Frequency Curve for test circuits.). 

8. Output current Is measured with Vout = ±5V. 

Slow IRoto 

9. Full power bandwidth is guaranteed by equation: Full power bandwidth = ——-. 

^’'''PEAK 

10. Refer to Test Circuits section of the data sheet. 

11. Settling time Is measured to 0,1% of final value for a 1 volt Input step, and Ay = -10 for HA-5112/5114, and a 10V Input step, Ay = -1 for 
HA-5102/5104. 

12. The limits for these parameters are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
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HA-5102, HA-5104, HA-5112, HA-5114 


Die Characteristics 

Transistor Count 

HA-5102/5112.93 

HA-5104/5114.175 

Die Dimensions 

HA-5102/5112 . 98.4 x 67.3 x 19 mils 

(2500 X 1710 x480^m) 

HA-5104/5114. 99.6 x 95.3 x 19 mils 

(2530 X 2420 x480^lm) 

Substrate Potential*.V- 

Process.Bipolar-DI 

Passivation.Nitride 

* The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 


Thermal Constants (°C/W) 

®JA 

®JC 

HA2-5102/5112(CAN). 

108 

33 

HA3-5102/5112(PD1P). 

92 

30 

HA4P5102 (PLCC). 

74 

33 

HA7-5102/5112(CDIP). 

114 

34 

HA9P5102/5112 (SOIC). 

112 

35 

HA1-5104/5114(CDIP). 

71 

13 

HA3-5104/5114(PDIP). 

86 

25 

HA4P5104/5114{PLCC). 

74 

32 

HA9P5104/5114(SOIC). 

96 

26 


Test Circuits 


HA-5102, HA5104 
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HA-5102, HA-5104, HA-5112, HA-5114 


Test Circuits (Continued) 


HA-5112, HA5114 




Volts: Input A: 0.5V/Div., Output B: 5V/Div. Time: 50ns/Div. Volts: Input A: 0.01 V/Div., Output B: 50mV/Div. Time: 50ns/Div. 



FIGURE 3. LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 
(Av = +10) 



TO 

OSCILLOSCOPE 


• Av = -1 (HA-5102/5104), *Av = -10 (HA-5112/5114) 

• Feedback and summing resistors should be 0.1 % matched. 

• Clipping diodes are optional, HP5082-2810 recommended. 


FIGURE 4. SETTLING TIME CIRCUIT 
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IN PUT OFFSET VOLTAGE (mV) NOISE VOLTAGE (nV/VRS) 


HA-5102, HA-5104, HA-5112, HA-5114 
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INPUT OFFSET CURRENT (nA) 


HA-5102, HA-5104, HA-5112, HA-5114 



-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (»C) 

FIGURE 13. Ice vs TEMPERATURE (HA-5104/14) 


2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 

FIGURE 14. IccVsVcc(HA-5102/12) 
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TEMPERATURE C*C) 

FIGURE 15. Avol VS TEMPERATURE 


K 2K 4K 6K 8K 10K 

LOAD RESISTANCE (Q) 

FIGURE 16. Avol vs LOAD RESISTANCE 
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POWER SUPPLY REJECTION (dB) . OUTPUT CURRENT (mA) OPEN LOOP GAIN (kV/V) 


HA-5102, HA-5104, HA-5112, HA-5114 
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PHASE SHIFT (DEGREES) 



























































VOLTAGE GAIN (dB) 


HA-5102, HA-5104, HA-5112, HA-5114 
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Features 

• Highspeed.lOV/ps 

• Wide Unity Gain Bandwidth.8.5MHz 

• Low Noise.... 3nV/VHzat 1kHz 

• Low Vos. . 

• HighCMRR.126dB 

• High Gain. 1800V/mV 

Applications 


• High Speed Signai Conditioners 

• Wide Bandwidth Instrumentation Ampiifiers 

• Low Levei Transducer Ampiifiers 

• Fast, Low Levei Voitage Comparators 

• Highest Quaiity Audio Preampiifiers 

• Pulse/RF Ampiifiers 

Ordering Information 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA2-5127-2 

-55°C to +125°C 

8 Pin CAN 

HA2-5127-5 

0°Cto+75°C 

8 Pin CAN 

HA2-5127A-2 

-55®C to +125°C 

8. Pin CAN 

HA2-5127A-5 

0°C to +75°C 

8 Pin CAN 

HA3-5127A-5 

0°C to +75°C 

8 Lead Plastic DIP 

HA7-5127-2 

-55°C to +125°C 

8 Lead Ceramic DIP 

HA7-5127-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA7-5127A-2 

-55°C to +125°C 

8 Lead Ceramic DIP 

HA7-5127A-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA9P5127-5 

0°C to +75°C 

8 Lead SOIC 


Pinouts 

HA-5127 

CTO-99 METAL CAN) 
TOP VIEW 

BAL 



V-(CASE) 


HA-5127 

Ultra-Low Noise Precision 
Operational Amplifier 

Description 

The HA-5127 monolithic operational amplifier features an 
unparalleled combination of precision DC and wideband 
high speed characteristics. Utilizing the Harris D. I. technol¬ 
ogy and advanced processing techniques, this unique 
design unites low noise (3nV/VHz) precision instrumentation 
performance with high speed (lOV/jis) wideband capability. 

This amplifier’s impressive list of features include low Vos 
(lOpV), wide unity gain-bandwidth (8.5MHz), high open loop 
gain (1800V/mV), and high CMRR (126dB). Additionally, this 
flexible device operates over a wide supply range (±5V to 
±20V) while consuming only 140mW of power. 

Using the HA-5127 allows designers to minimize errors while 
maximizing speed and bandwidth. 

This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-5127’s qualities include Instrumentation amplifiers, pulse 
amplifiers, audio preamplifiers, and signal conditioning cir¬ 
cuits. This device can easily be used as a design enhance¬ 
ment by directly replacing the 725, OP25, OP06, OP07, 
OP27 and OP37. For the military grade product, refer to the 
HA-5127/883 data sheet. 


HA-5127 

(PDIP, CDIP, SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pUg 2906.1 

Copyright ©Harris Corporation 1993 o t;nn 













Specifications HA-5127, HA-5127A 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Ta = -)-25°C Unless Otherwise Stated Operating Temperature Range 

Supply Voltage Between V+ and V- Terminals.44V HA-5127/27A-2.-55°C ^ T^ 5 +125®C 

Differential Input Voltage (Note 2).0.7V HA5127/27A-6.0°C T^ ^ +75°C 

Output Current.Full Short Circuit Protection Storage Temperature Range.-65®C ^ T/^ ^ +150®C 

Junction Temperature (Note 13).+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectrical Specifications v+ = 1 5V, v- = -i 5V, Cl < 50pF, Rs < i ooq 
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Specifications HA-5127, HA-5127A 


Electrical Specifications v+ = i5V, v- = -15V, Cl < sopF, Rs < iooq (Continued) 


PARAMETER 


Full Power Bandwidth (Note 8) 


Output Resistance, Open Loop 


Output Current 



Supply Current 


Power Supply Rejection Ratio (Note 12) 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions Is not necessarily Implied. 

2. For differential Input voltages greater than 0.7V, the Input current must be limited to 25mA to protect the back-to-back Input diodes. 

3. This parameter value is based upon design calculations. 

4. Refer to Typical Performance section of the data sheet. 

5. The limits for this parameter are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

6. VouT = ±10V, RL = 2kn 

7. VcM = ±10V 

^ Slew Rate 

8. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = —--. 

4 Kv pc A If 

9. Refer to Test Circuits section of the data sheet. r a 

10. Settling time is specified to 0.1% of final value for a 10V output step and Ay = -1. 

11. VouT= 10VStep 

12. Vs = ±4.5Vto±18V 

13. See Thermal Constants In “Die Characteristics" section. 


Die Characteristics 

Transistor Count.63 Thermal Constants (°C/W) 


Die Dimensions. 65 x 104.3 x 19 mils 

(1700pm X 2600pm x 480pm) 

Substrate Potential".V- 

Process.BIpolar-DI 

" The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 


Ceramic Mlni-DIP.114 

TO-99 Metal Can.108 

Plastic DIP.92 

SOIC.157 
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Schematic Diagram 
















HA-5127, HA5127A 



Test Circuits 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUITS 


LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = O.SV/DIv.) 

(Output = 5V/Div.) 
Horizontal Scale: (Time = lns/Div.) 


SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: 100mV/Dlv.) 
Horizontal Scale: (200ns/Div.) 


Feedback and summing resistors 
should be 0.1% matched. 

Clipping diodes are optional. 
HP5082-2810 recommended. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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INPUT NOISE VOLTAGE (nVp.p) -n OFFSET VOLTAGE (fiV) 


HA-5127, HA-5127A 
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NOISE CURRENT (pA^/Hz) 

































































































IPPLY CURREI 


HA-5127, HA-5127A 


Typical Performance Curves umess otherwise specified: T* = + 25 “C,Vsupply = ± 15 V (Continued) 
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FIGURE 9. PSRR vs FREQUENCY 
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FREQUENCY (Hz) 

FIGURE 10. CLOSED LOOP GAIN AND PHASE vs FREQUENCY 


Ta = +25®C 


0 2 4 6 8 

LOAD RESISTANCE (kQ) 

FIGURE 11. Avol and Vqut vs LOAD RESISTANCE 


% 1-04jCl»50pF 

5 i.03l''f^4»+25®C 


0.95 

-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (®C) 

FIGURE 12. NORMALIZED SLEW RATE vs TEMPERATURE 


Vo»0V 
Vcc = ±l5V 




Cl s 50pF 
Tas+25®C 


TEMPERATURE (^C) 

FIGURE 13. SUPPLY CURRENT vs TEMPERATURE 


FREQUENCY (MHz) 

FIGURE 14. MAX UNDISTORTED SINEWAVE OUTPUT vs 
FREQUENCY 
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PHASE (DEGREES) 


































































































HA-5127, HA-5127A 



TypiCSl P&rfornJSnCB Curvos unless otherwise Specified: = +25°C, Vsupply = (Continued) 



SUPPLY VOLTAGE (±V) SUPPLY VOLTAGE (±V) 

FIGURE 15. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 16. BANDWIDTH AND SLEW RATE vs SUPPLY 

VOLTAGE 




FIGURE 19. PEAK-TO-PEAK NOISE VOLTAGE (0.1Hz TO 10Hz) 

Horizontal Scale = Isec/Div. 

Vertical Scale = 0.002pV/Div. 

Act = 25,000VA/, En = 0.08pVp.p RTI 
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PHASE SHIFT (DEGREES) 












































HA-5127, HA-5127A 


Application information 





Tested Offset Adjustment Range is IVqs + ImVI minimum referred to output. Typical range is ±4mV with Rj = 10k£l 
FIGURE 20. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 



Low resistances are preferred for low noise applications as a IkO resistor has 4nV/Vl^ of thermal noise. Total resistances of greater than lOkQ on 
either input can reduce stability. In most high resistance applications, a few picofarads of capacitance across the feedback resistor will improve stability. 


FIGURE 21. SUGGESTED STABILITY CIRCUITS 
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Features 

• Low Offset Voltage. 

• Low Offset Voltage Drift. 

• Low Noise. 

• Open Loop Gain. 

• Unity Gain Bandwidth. 

• Ail Bipolar Construction 

Applications 

• High Gain Instrumentation 

• Precision Data Acquisition 

• Precision Integrators 

• Biomedical Amplifiers 

• Precision Threshoid Detectors 

Ordering Information 

PART NUMBER TEMP. RANGe" 

HA2-5130-2 -55°Cto+125°C 

HA2-5130-5 0°C to +75°c"" 

HA2-5135-2 _ -55°C to +125^0 

HA2-5135-5 _ 0°Cto+75°C 

HA7-5130-2 _ -55°C to +125^0 

HA7-513Q-5 0°Cto+75°C 

HA7-5135-2 _ -55°C to ->-125°C 

HA7-5135-5 0°Cto+75°C 


.25^V Max 
. .0.4pV/®C 
.. 9nV/VFiz 
... .140dB 
...2.5MHz 


TEMP. RANGE 

PACKAGE 

-55°C to +125°C 

8 Pin Can 

0°C to +75°C 

8 Pin Can 

-55°C to +125°C 

8 Pin Can 

0°CtO+75°C 

8 Pin Can 

-55°C to +125°C 

8 Lead Ceramic DIP 

0°C to +75°C 

8 Lead Ceramic DIP 

-55°C to +125°C 

8 Lead Ceramic DIP 

0°C to +75°C 

8 Lead Ceramic DIP 


Precision Operational Amplifiers 


Description 

The Harris HA-5130/5135 are precision operational 
amplifiers manufactured using a combination of key 
technological advancements to provide outstanding input 
characteristics. 

A Super Beta input stage is combined with laser trimming, 
dielectric isolation and matching techniques to produce 
25pV (Maximum) input offset voltage and 0.4pV/°C Input off¬ 
set voltage average drift. Other features enhanced by this 
process include 9nV/VHz (Typ.) Input Noise Voltage, InA 
Input Bias Current and 140dB Open Loop Gain. 

These features coupled with 120dB CMRR and PSRR make 
HA-5130/5135 an ideal device for precision DC 
instrumentation amplifiers. Excellent input characteristics in 
conjunction with 2.5MHz bandwidth and 0.8V/^s slew rate, 
make this amplifier extremely useful for precision integrator 
and biomedical amplifier designs. These amplifiers are also 
well suited for precision data acquisition and for accurate 
threshold detector applications. 

HA-5130/5135 offers added features over the industry 
standard OP-07 In regards to bandwidth and slew rate 
specifications. For the military grade product, refer to the 
HA-5135/883 data sheet. 


Pinouts 

1 

HA-5130/5135 (CDIP) 

TOP VIEW 

BAL [I 

- 

I] BALI 

4N H- 


+IN U " 


V- \± 

ZIbali 

HA-5130/5135 (TO-99 CAN) 
TOP VIEW 


BALI 

BALffiT 


-IN W 

(6)0UT 

+IN 



V- 

(Both BAL 1 pins are connected 
together internally) 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Absolute Maximum Ratings 


Specifications HA-5130, HA-5135 


Operating Conditions 


Ta - +25°C Unless Othenvise Stated Operating Temperature Ranges 

Voltage Between V+ and V- Terminals.40.0V HA-5130/5135-2 .-55°C ^ T^ ^ +125°C 

Differential Input Voltage.7V HA-5130/5135-5 . 0®C < T^ ^ +75®C 

Output Short Circuit Duration.Indefinite Storage Temperature Range.-65°C ^ T^ +150°C 

Junction Temperature (Note 1)...+175°C Thermal Resistance (°C/W) 0ja 0jc 

Lead Temperature (Soldering 10 Sec.). 300°C Ceramic DIP Package. 113 34 

TO-99 Metal Can. 108 33 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operatton 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not irr^lied. 


Eiectricai Specifications v+ +15V, v- = -i5V 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Bias Current Average Drift 


Offset Current 


Offset Current Average Drift 


Common Mode Range 


Differential Input Resistance 


Input Noise Voltage 0.1 Hz to 10Hz (Note 2) 


Input Noise Voltage Density (Note 2) 
f=10Hz 


f= 100Hz 


f= 1000Hz 


Input Noise Current 0.1 Hz to 10Hz (Note 2) 


input Noise Current Density (Note 2) 
f = 10Hz 


f= 100Hz 


f = 1000Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


Common Mode Rejection Ratio (Note 4) 


Closed Loop Bandwidth (Ayct = +1) 



0.17 

0.23 

0.14 

0.17 






































































































































































Specifications HA-5130, HA-5135 


Electrical Specifications V+ +i sv. v- .1 sv (Continued) 


PARAMETER 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 5) 


Full Power Bandwidth (Note 6) 


Output Current (Note 7) 


Output Resistance (Note 8) 


TRANSIENT RESPONSE (Note 9) 


Rise Time 


Slew Rate 


Settling Time (Note 10) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio (Note 11) 


NOTES: 

1. Maximum power dissipation, including output load, must bo designed to maintain the maximum Junction temperature below +175®C. 

2. Not tested. 90% of units meet or exceed these specifications. 

3. VouT = ±10V; Rl = 2K. Gain dB = 20 log^o Ay. 

.•.120dB = 1MVA^ 

140dB = 10MVA/ 

4. Vcm = ±10VDC 

5. Rl = 6000. 

Slew Rate 

6. Rl = 2K; Full power bandwidth guaranteed based on slew rate measurement using FPBW = -—-- 

7. Vout=10V 

8. Output resistance measured under open loop conditions (f = 100Hz). 

9. Refer to test circuits section of the data sheet. 

10. Settling time is measured to 0.1% of final value for a 10V output step and Ay = -1. 

11 • VsuPPLY = ±5V DC to ±20V DC. 



Test Circuits 


. f - f - O OUT 

2kQ < ZZ lOOpF 


FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 
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INPUT 


HA-5130, HA-5135 


Test Circuits (Continued) 


SMALL SIGNAL RESPONSE 

Vertical Scale: Volts: 50mV/Div. Output 
Volts: lOOmV/Div. Input 
Horizontal Scale: Time: 1|xs/Div. 


LARGE SIGNAL RESPONSE 

Vertical Scale: Volts: 5V/Div. 
Horizontal Scale: Time: Sps/Div. 




OV OUTPUT 


2N4416 U 

-.-.pTO 

SIcQ T OSCILLOSCOPE 

“AAA/ "" - . I ^ 2kO 


Av = -1 

Feedback and summing resistors should 
be 0.1% matched. 

Clipping diodes are optional. HP5082-2810 
recommended. 


FIGURE 2. SETTLING TIME CIRCUIT 


Typicai Performance Curves 





-80 -40 0 -140 4-80 +120 +160 

TEMPERATURE (®C) 

FIGURE 3. INPUT OFFSET VOLTAGE INPUT BIAS AND 
OFFSET CURRENT vs TEMPERATURE 



I 


-10 -8 -6 -4 -2 0 2 4 6 8 10 

DIFFERENTIAL INPUT VOLTAGE (V) 

FIGURE 4. INPUT BIAS CURRENT V8 DIFFERENTIAL INPUT 
VOLTAGE 
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PHASE MARGIN (DEGREES) OPEN LOOP VOLTAGE GAIN (dB) 


HA-5130, HA-5135 


Typical Performance Curves (Continued) 


VsUPPLY*±15V 

Tc>±1^C,Ay«1000 

MEASUREMENT AND ENVIRONMENTAL 
SYSTEMS ALLOWED 12 HOUR 
STABIUZATION PERIOD 
I I I I I I I I I I I L4-L.I I I I 


iiimillllllliisafllllll 

lllllllllllllllllllllllll 



2 4 6 8 10 20 30 40 

TIME (DAYS) 

FIGURE 5. HA-5130 OFFSET VOLTAGE STABILITY vs TIME 



10K 100K 1M 10M 


FREQUENCY (Hz) 

FIGURE 7. OPEN LOOP FREQUENCY RESPONSE 




10 100 IK 10K 100K 

FREQUENCY (Hz) 

FIGURE 6. INPUT NOISE vs FREQUENCY 



FREQUENCY (Hz) 

FIGURE 8. CLOSED LOOP FREQUENCY RESPONSE FOR 
VARIOUS CLOSED LOOP GAINS 



2.6 i O 25 



LOAD CAPACITANCE (pF) 


FREQUENCY (Hz) 


FIGURES. SMALL SIGNAL BANDWIDTH AND PHASE MARGIN FIGURE 10. OUTPUT VOLTAGE SWING vs FREQUENCY AND 

vs LOAD CAPACITANCE SUPPLY VOLTAGE 
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HA-5130. HA-5135 


Typical Performance Curves (Continued) 


1 

30 

§ 

25 

CO 

111 

i 

20 

t 

15 

9 

P 

S 

10 

o 

5 



1 10 100 IK 10K 

LOAD RESISTANCE (O) 

FIGURE 11. MAXIMUM OUTPUT VOLTAGE SWING V8 LOAD 
RESISTANCE AND SUPPLY VOLTAGE 



1.0 BANDWIDTH 


KiS 

□ c 0.8 
< CC 


0 ±2 ±4 ±6 ±8 ±10 ±12 ±14 ±16 ±18 ±20 

SUPPLY VOLTAGE (V) 

FIGURE 12. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 



10 100 IK 10K 

FREQUENCY (Hz) 

FIGURE 13. CMRR vs FREQUENCY 



10 100 IK 10» 

FREQUENCY (Hz) 

FIGURE 14. PSRR VS FREQUENCY 



0 2 4 6 8 10 12 14 16 

SETTUNGTIME (^s) 

FIGURE 15. SETTLING TIME FOR VARIOUS OUTPUT STEP 
VOLTAGES 


'Vs«±20V 

'Vs*±15V" 

;Vs«±10V. 

'Vs«±5V 


0 440 4-80 4-120 

TEMPERATURE (<>0 


FIGURE 16. POWER SUPPLY CURRENT vs TEMPERATURE 
AND SUPPLY VOLTAGE 
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HA-5130. HA-5135 


Applying the HA-5130. HA-5135 Operational Amplifiers 


1. POWER SUPPLY DECOUPLING: Although not absolute- 
ly necessary, it is recommended that ail power supply 
lines be decoupled with 0.01 pF ceramic capacitors to 
ground. Decoupling capacitors should be located as near 
to the amplifier terminals as possible. 

2. CONSIDERATIONS FOR PROTOTYPING: The following 
list of recommendations are suggested for prototyping. 

• Resolving low level signals requires minimizing leak¬ 
age currents caused by external circuitry. Use of qual¬ 
ity insulating materials, thorough cleaning of Insulating 
surfaces and implementation of moisture barriers 
when required is suggested. 

• Error voltages generated by thermocouples formed 
between dissimilar metals in the presence of temperature 
gradients should be minimized. Isolation of low level circu¬ 
ity from heat generating components Is recommended. 

• Shielded cable input leads, guard rings and shield driv¬ 
ers are recommended for the most critical applications. 


Applications 


3. When driving large capacitive loads (> 5CX)pF), a small 
value resistor («50D) should be connected in series with 
the output and inside the feedback loop. 

4. OFFSET VOLTAGE ADJUSTMENT: A 20ki2 balance po¬ 
tentiometer is recommended if offset nulling is required. 
However, other potentiometer values such as lOkQ, 
50kD and 1CX)kn may be used. The minimum adjustment 
range for given values is ±2mV. 

5. SATURATION RECOVERY: Input and output saturation 
recovery time is negligible in most applications. However, 
care should be exercised to avoid exceeding the absolute 
maximum ratings of the device. 

6. DIFFERENTIAL INPUT VOLTAGES: Inputs are shunted 
with back-to-back diodes for overvoltage protection. In 
applications where differential input voltages in excess of 
IV are applied between the inputs, the use of limiting re¬ 
sistors at the inputs is recommended. 



OPTIONAL 

CONNECTION 



6) * o OUT 


* Although Rp is shown equal to 20kD, other values such as SOkD, The excellent input and gain characteristics of HA-5130 are well 

10OkD and 1 kD may be used. Range of adjustment is approximately suited for precision Integrator applications. Accurate Integration over 

±2.5mV. Vqs TC of the amplifier is optimized at minimal Vos< seven decades of frequency using HA-5130, virtually nullifies the 

-r * -.X x_ ^ need for more expensive chopper-type amplifiers. 

Tested Offset Adjustment is IVqs + 1 mVI minimum referred to output. 


FIGURE 17. OFFSET NULLING CONNECTIONS 


FIGURE 18. PRECISION INTEGRATOR 
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HA-5130, HA-5135 


Applications (Continued) 


OUTPUT 

±13V 

200^s/DiV. 




INPUT 

±5mV 

200^8/DIV. 



Low Vos coupled with high open loop Gain, high CMRR and high 
PSRR make HA-5130 ideally suited for precision detector applications. 



RiN 

AAAr~4 


- 


OPTIONAL FOR OUTPUT 
SWING UMITINQ 


FIGURE 19. ZERO CROSSING DETECTOR 



FIGURE 20. PRECISION INSTRUMENTATION AMPLIFIER (Ay s 100) 
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HA-5134 


April 1993 


Features 

• Low Offset Voltage.Max 200tiV 

• Low Offset Voltage Drift.Max 2}iVy®C 

• Offset Voltage Match (5134A).... Full Temp. Max 250pV 

• High Channel Separation.120dB 

• Low Noise. 7nV/VF5 

• Wide Unity Gain Bandwidth.4MHz 

• High CMRR/PSRR (Typ). 120dB 

• Dielectric Isolation 


Applications 

• Instrumentation Amplifiers 

• State-Variable Filters 

• Precision Integrators 

• Threshold Detectors 

• Precision Data Acquisition Systems 

• Low-Level Transducer Amplifiers 


Precision Quad Operational Amplifier 


Description 

The HA-5134 is a precision quad operational amplifier that is 
pin compatible with the OP-4CX), LT1014, OP11, RM4156, 
and LM148 as well as the HA-4741. Each amplifier features 
guaranteed maximum values for offset voltage of 200pV, off¬ 
set voltage drift of 2pV/®C, and offset current of 75nA over 
the full military temperature range while CMRR/PSRR Is 
guaranteed greater than 94dB and Avol is guaranteed 
above 500kV/V from -55°C to +125°C. 

Precision performance of the HA-5134 is enhanced by a 
noise voltage density of 7nV/VHz at 1 kHz, noise current den¬ 
sity of IpA/VHz at 1kHz and channel separation of 120dB. 
Each unity-gain stable quad amplifier Is fabricated using the 
dielectric isolation process to assure performance in the 
most demanding applications. 

The HA-5134 is ideal for compact circuits such as instru¬ 
mentation amplifiers, state-variable filters, and low-level 
transducer amplifiers. Other applications Include precision 
data acquisition, precision integrators, and accurate thresh¬ 
old detectors in designs where board space Is a limitation. 

For military grade product, refer to the HA-5134/883 datasheet. 

Ordering Information 

I PART NUMBER I TEMP. RANGE I PACKAGE | 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 o c ^ t 
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Specifications HA-5134 


Absolute Maximum Ratings (Note i) Operating Conditions 

= +25®C Unless Otherwise Stated Operating Temperature Ranges 

Voltage Between V+ and V- Terminals.40.0V HA-5134A/5134-2 .-55®C < Ta < +125°C 

Differential Input Voltage (Note 2).6V HA-5134A/5134-5.0®C < Ta < +75®C 

Output Current.Full Short Circuit Protection Storage Temperature Range...-65°C < Ta < +150°C 

Voltage at any Op Amp Terminal.V+, V- Thermal Resistance (®C/W) Gja Gjc 

Junction Temperature (Note 3)...+175°C Ceramic DIP Package. 71 13 

Lead Temperature (Soldering 10 Sec.). 300°C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only mting and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vcc = ±1 5V. Ri,oad = 2K, Cloao ^ ^OpF, Rs ^ 1 ooa unless otherwise Specified 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Offset Voltage Match 


Offset Current 


Average Offset Current Drift 


Common Mode Range 


Differential input Resistance 


Input Noise Voltage (0.1Hz to 10Hz) 


Input Noise Voltage Density 
f=10Hz 


Input Noise Current Density 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 
(VouT = ±10V) 


Common Mode Rejection Ratio 

(VcM = ±10V) 


Minimum Stable Gain 


Unity-Gain Bandwidth 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


Output Current 


Full Power Bandwidth (Note 4) 


Channel Separation (Vqut = ±10V) 
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Specifications HA-SI34 


Electrical Specifications Vcc = ±15V, Rload = 2K, Cload = SOpF, Rs ^ 100«, Unless otherwise Specified (Continued) 


PARAMETER 

TEMP 

TRANSIENT RESPONSE (Note 5) 

Rise Time (Note 6) 

+25°C 

Slew Rate 

+25®C 

Overshoot 

+25°C 

Settling Time (Note 7) 

+25°C 

POWER SUPPLY CHARACTERISTICS 

Supply Current (All Amps) 

Full 

Power Supply Rejection Ratio (Note 8) 

+25°C 


HA<5134A-2/-5 


4. Full power bandwidth guaranteed based on slew rate measurement using FPBW = 


5. Refer to Test Circuits section of the data sheet. 

6. Time from 10% to 90% of 200mV output step, Ay = 1. 

7. Specified to 0.01 % of a 10V step, Ay = -1. 

8. Vs = ±5Vto±18V. 



1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily Implied. 

2. For differential input voltages greater than 6V, the Input current must be limited to 25mA to protect the back-to-back input diodes. 

3. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below +175*^0. 

, ^ . Slew Rate 


Vpeak = ’OV 
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HA-5134 


Test Circuits 



FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 


SMALL SIGNAL RESPONSE 

Vertical: 60mV/Dlv. Horizontal: 200ns/Dlv. 

Ta = +25°C, Vcc = ±15V, Av = +1, Rl = 2kU Cl = 50pF 


LARGE SIGNAL RESPONSE 

Vertical: 2V/Dlv. Horizontal: 2ps/Div. 

Ta = +25°C, Vcc = ±15V, Ay = +1, Rl = 2kQ, Cl = 50pF 
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Feedback and summing resistors should be 0.1% matched. 
Clipping diodes are optional. HP5082-2810 recommended. 

FIGURE 2. SETTLING TIME CIRCUIT 


PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz 
Ta = +25®C, Vcc = ±15V, Ay = 1000 
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0.05pV/Div., Is/Div. 
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Performance Curves (Continued) 




100 IK 10K 100K 1M 

FREQUENCY (Hz) 

FIGURE 10. PSRR VS FREQUENCY 



JRE 11. CLOSED LOOP FREQUENCY RESPONSE vs 
TEMPERATURE 



100 IK 10K 100K 1M 10M 


FREQUENCY (Hz) 

FIGURE 12. CLOSED LOOP GAIN/PHASE vs FREQUENCY 



-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (®C) 



TEMPERATURE (®C) 


FIGURE 13. MAXIMUM OUTPUT VOLTAGE vs TEMPERATURE 


FIGURE 14. SUPPLY CURRENT vs TEMPERATURE 


PHASE (DEGREES) 







































































Performance Curves (Continued) 
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•Ta*+25®C,Vcc*±15V] 
• Avs1,VouT = 200mV 1 


LOAD CAPACITANCE (nF) 
FIGURE 15. OVERSHOOT vs Cload 


Applications Information 


10 100 IK 10K 100K 1M 10M 100M 

FREQUENCY (Hz) 

FIGURE 16. OPEN LOOP GAIN & PHASE vs FREQUENCY 



TRANSIENT RESPONSE OF APPLICATION CIRCUIT #1 



PHASE SHIFT (DEGREES) 





























































HA-5134 



Applications Information (Continued) 


IB 2B 3B 4B 
HI-509 

1A 2A 3A 4A 


V 4 HA-5134 


V4 HA-5134 


High Avol ot ha- 5134 reduces gam 
error. 

Gain Error = 0.004% at Ay = 8. 


V 4 HA-5134 


FIGURE 19. APPLICATION CIRCUIT #2: PROGRAMMABLE GAIN AMPLIFIER 


V|N 

(BOTTOM TRACE) 


74 HA-5134 


OUTPUT 
(TOP TRACE) 


Horizontal: 50ms/Div. 

V,N = ±25mV,VouT = ±14V 


NOTE: If differential input voltages greater than 6V are present, input 
current must be limited to less than 25mA. 


FIGURE 20. APPLICATION CIRCUIT #3: PRECISION COMPARATOR 


General Considerations 

1. POWER SUPPLY DECOUPLING: Although not absolute- 
ly necessary, It is recommended that all power supply 
lines be decoupled with 0.01 pF ceramic capacitors to 
ground. Decoupling capacitors should be located as near 
to the amplifier terminals as possible. 

2. CONSIDERATIONS FOR PROTOTYPING: The following 
list of recommendations are suggested for prototyping. 

• Resolving low level signals requires minimizing 
leakage currents caused by external circuitry. Use of 
quality insulating materials, thorough cleaning of 
Insulating surfaces and implementation of moisture 
barriers when required is suggested. 


Error voltages generated by thermocouples formed 
between dissimilar metals in the presence of 
temperature gradients should be minimized. Isolation 
of low level circuitry from heat generating components 
is recommended. 

Shielded cable input leads, guard rings and shield 
drivers are recommended for the most critical 
applications. 


2-524 





































SEMICONDUCTOR 


HA-5137 


March 1993 


Ultra-Low Noise Precision 
Wideband Operational Amplifier 


Features 

• High Speed. 20V/)is 

• Wide Gain Bandwidth (Av ^ 5).63MHz 

• Low Noise.3nV/ Jhz at 1 kHz 

• Low Vos .. 

• HighCMRR.126dB 

• High Gain. 1800V/mV 

Applications 

• High Speed Signal Conditioners 

• Wide Bandwidth Instrumentation Amplifiers 

• Low Level Transducer Amplifiers 

• Fast, Low Level Voltage Comparators 

• Highest Quality Audio Preamplifiers 

• Puise/RF Amplifiers 

• For Further Design Ideas See Application Note 553 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA2-5137-2 

-55°C to +125°C 

8 Pin Can 

HA2-5137-5 

0°C to +75°C 

8 Pin Can 

HA2-5137A-2 

-55°C to +125°C 

8 Pin Can 

HA2-5137A-5 

0°C to +75°C 

8 Pin Can 

HA3-5137-6 

0°C to +75°C 

8 Lead Plastic DIP 

HA3-5137A-5 

0°C to +75°C 

8 Lead Plastic DIP 

HA7-5137-2 

-55°C to +125°C 

8 Lead Ceramic DIP 

HA7-5137-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA7-5137A-2 

-55°C to +125°C 

8 Lead Ceramic DIP 

HA7-5137A-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA9P5137-5 

0°C to +75°C 

8 Lead SOIC 


Description 

The HA-5137 monolithic operational amplifier features an 
unparalleled combination of precision DC and wideband 
high speed characteristics. Utilizing the Harris Dielectric iso¬ 
lation technology and advanced processing techniques, this 
unique design unites low noise (3nV/^/Hz) precision 
instrumentation performance with high speed (20V/ps) wide¬ 
band capability. 

This amplifier’s Impressive list of features include low Vqs 
( lOpV), wide gain bandwidth (63MHz), high open loop gain 
(1800V/mV), and high CMRR (126dB). Additionally, this flexi¬ 
ble device operates over a wide supply range (±5V to ±20V) 
while consuming only 140mW of power. 

Using the HA-5137 allows designers to minimize errors while 
maximizing speed and bandwidth in applications requiring 
gains greater than five. 

This device Is Ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-5137’s qualities include Instrumentation amplifiers, pulse 
or RF amplifiers, audio preamplifiers, and signal conditioning 
circuits. 

This device can easily be used as a design enhancement by 
directly replacing the 725, OP25, OP06, OP07, OP27 and 
OP37 where gains are greater than five. For the military 
grade product, refer to the HA-5137/883 data sheet. 



Pinouts 


HA-5137 (TO-99 METAL CAN) 
TOP VIEW 



HA-5137 (PDIP, CDIP, SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 * 
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Specifications HA-5137, HA-5137 A 


HA-5137/37A-2. 
HA-5137/37A-5. 


Absolute Maximum Ratings Operating Temperature Ranges 

Ta = +25®C Unless Otherwise Specified HA-5137/37A-2. 

Voltage Between V+ and V- Terminals.44V HA-5137/37A-5. 

Differential Input Voltage (Note 1).0.7V Storage Temperature Range. 

Output Current.Full Short Circuit Protection 

Junction Temperature (Note 12).+175®C 

Junction Temperature (Plastic Packages).+150°C 

Lead Temperature (Soldering 10s).+300®C 

CAUTION: Stresses above those listed in “Mtsoiute Maximum Ratings" may cause permanent damage to the device. This is a stress 
of the device at these or any other conditions above Uiose indicated in the operational sections of this specification is not implied. 


.-55°C^Ta5+125°C 
... 0°C^Ta^+75°C 
.-65°C^Ta^+150°C 


Electrical Specifications v+ = +15V, v- ^ -15V, Ci. ^ 50pF, Rs^ looo 


ha-51 37A 

PARAMETER TEMP MIN 


INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Offset Current 


Common Mode Range 


Differential input Resistance (Note 2) 


Input Noise Voltage 0.1 Hz to 10Hz 
(Note 3) 


Input Noise Voltage f = 10Hz 

f= 100Hz 
f = 1000Hz 


Input Noise Current f = 10Hz 
Density (Note 4) f^ ^oOHz 

f= 1000Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 5) 


Common Mode Rejection Ratio (Note 6) 


Minimum Stable Gain 


Galn-Bandwjdth-Product f = 10kHz 
f=1MHz 


OUTPUT CHARACTERISTICS 


Output Voltage Swing Rl = 600Q 
RL = 2kQ 


Full Power Bandwidth (Note 7) 


Output Resistance, Open Loop 


Output Current 


HA-5137 


TYP 




only rating and operation 


MAX I UNITS 


0.09 

0.25 

3.8 

8.0 

3.3 

5.6 

3.2 


1.7 

- 

1.0 

- 

0.4 

0.6 


PA/>s/hz 

































































































































































































Specifications HA-5137, HA-5137A 
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SUBSTRATE 


•MNPUT 


-INPUT 


HA-5137, HA-5137A 






HA-5137, HA-5137A 



Test Circuits 


400Q 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 


LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 1V/Div.) 

(Volts: Output = 5V/Div.) 
Horizontal Scale: (Time = 1ps/Div.) 


SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 20mV/Div.) 

(Volts: Output = 100mV/Div.) 
Horizontal Scale: (Time = lOOns/Div.) 


2N4416 


Feedback and summing resistors should be 
0.1% matched. 

Clipping diodes are optional. HP5082-2810 
recommended. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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SUPPLY CURRENT (mA) INPUT NOISE VOLTAGE (^Vp.p) 


HA-5137. HA-5137A 
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NOISE CURRENT (pA^/Hz) 




















































SUPPLY CURRENT (mA) OOkV/V) AND Vqut (V) 


HA-5137, HA-5137A 


Typical Performance Curves unless otherwise specified: Ta = + 25 °C, Vsupply = HSV (continued) 
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100 IK 

FREQUENCY (Hz) 

FIGURES. PSRR vs FREQUENCY 


LOAD RESISTANCE (kQ) 

FIGURE 11. Avol and Vqut vs LOAD RESISTANCE 
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100 
10M 100M 


1M 10M 100M 

FREQUENCY (Hz) 

FIGURE 10. CLOSED LOOP GAIN AND PHASE vs FREQUENCY 
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FIGURE 12. NORMALIZED SLEW RATE vs TEMPERATURE 


2.82-Vq « OV, Vcc * ±1' 

2.80- 


Ri = 2K, Cl = SOpF, Ta » +25®C 


TEMPERATURE (®C) 

FIGURE 13. SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 14. VouT MAX ( UNDISTORTED SINEWAVE OUTPUT) 
VS FREQUENCY 
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Application information 



FIGURE 17. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 

Test Offset Adjustment Range is IVqs +1 mVI minimum referred to output. Typical range is ±4mV with Rp = 10kO. 


Cs 



Low resistances are preferred for low noise applications as a IkQ resistor has 4nV/VHz of thermal noise. Total resistances of 
greater than 10kO on either input can reduce stability. In most high resistance applications, a few picofarads of capacitance 
across the feedback resistor will improve stability. 

FIGURE 18. SUGGESTED STABILITY CIRCUITS 




















































Features 

• Low Supply Current.45^A/Anip 

• Wide Supply Voltage Range Single.3V to 30V 

or Dual.±1.5Vto±15V 

• High Slew Rate.1.5V/^s 

• High Gain.lOOkV/V 

• Unity Gain Stable 

• Available in Duals and Quads 

Applications 

• Portable Instruments 

• Meter Amplifiers 

• Telephone Headsets 

• Microphone Amplifiers 

• Instrumentation 

• For Further Design Ideas See Application Note 544 


Pinouts (See Ordering Information on Next Page) 


Description 

The HA-5142/44 ultra-low power operational amplifiers 
provide AC and DC performance characteristics similar to or 
better than most general purpose amplifiers while only 
drawing 1/30 of the supply current of most general purpose 
amplifiers, in applications which require low power dissipa¬ 
tion and good AC electrical characteristics, this family offers 
the industry’s best speed/power ratio. 

The HA-5142/44 provides accurate signal processing by virtue of 
their tow input offset voltage (2mV), low input bias current (45nA), 
high open loop gain (lOOkV/V) and low noise (20nV/Vi^), for low 
power operational amplifiers. These characteristics coupled with 
a 1.5V/ps slew rate and a 400kHz bandwidth make the HA-5142/ 
44 ideal for use in low power instrumentation, audio amplifier and 
active filter designs. The wide range of supply voltages (3V to 
30V) also allow these amplifiers to be very useful in tow voltage 
battery powered equipment. These parts are also tested and 
guaranteed at both ±15V and single ended +5V supplies. 

These amplifiers are available with industry standard pinouts 
which allow the HA-5142/5144’s to be interchangeable with most 
other operational amplifiers. For military grade product refer to 
the 5142,5144/883 data sheet. 


HA-5142 (PDIP, CDIP) 
TOP VIEW 


HA-5142 (TO-99 METAL CAN) 
TOP VIEW 


HA-5142 (300 mil SOIC) 
TOP VIEW 


OUT1 |j_- 

4N1E-1. 
+IN1 FT -li 





HA-5144 (PLCC) 
TOP VIEW 


HA-5144 (PDIP, CDIP) 
TOP VIEW 


HA-5144 (300 mil SOIC) 
TOP VIEW 


IBS 








CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 ^ mo 
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HAS142, HA-5144 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA2-5142-2 

-55®C to +125°C 

8 Pin Can 

HA2-5142-5 

0°Cto+75°C 

8 Pin Can 

HA3-5142-5 

0°Cto+75°C 

8 Lead Piastic DiP 

HA7-5142-2 

-55®Cto+125°C 

8 Lead Ceramic DIP 

HA7-5142-5 

0°C to +75°C 

8 Lead Ceramic DiP 

HA9P5142-5 

0°Cto+75®C 

16 Lead Wide Body SOIC 

HA9P5142-9 

-40°Cto+85°C 

16 Lead Wide Body SOIC 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA1-5144-2 

-55°C to +125°C 

14 Lead Ceramic DIP 

HA1-5144-5 

0°Cto+75°C 

14 Lead Ceramic DiP 

HA3-5144-5 

0°Cto+75®C 

14 Lead Plastic DIP 

HA4P5144-5 

0®Cto+75°C 

20 Lead PLCC 

HA9P5144-6 

0°C to +75®C 

16 Lead Wide Body SOIC 

HA9P5144-9 

-40OG to +85®G 

16 Lead Wide Body SOIC 
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Specifications HA-5142, HA-5144 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage Between V+ and V- Terminals.35V Operating Temperature Range 

Differential Input Voltage.7V HA-5142/44-5 . 0°C ^ Ta ^ +75°C 

Output Current.Short Circuit Protected HA-5142/44-2 .-55°C ^ T^ ^ +125®C 

Junction Temperature (Note 12).+175®C HA-5142/44-9 . .-40°C < T^ ^ +85°C 

Junction Temperature (Plastic Package).+150°C Storage Temperature Range.-65°C ^ T^ ^ +150°C 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any o^er conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Rs = lOOO, C|. ^ lOpF, unless otherwise Specified 


Offset Current (Note 11) 


Common Mode Range 


Differential input Resistance 


Input Noise Voltage (f = 1kHz) 


Input Noise Current (f = 1kHz) 



TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 2,4) 


Common Mode Rejection Ratio (Note 7) 


Bandwidth (Notes 2,3) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Notes 2,10) 


Full Power Bandwidth (Notes 2,4, 8) 
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Specifications HA-5142, HA-5144 


Electrical Specifications Rs = lOOO, C|. ^ 10pF, Unless otherwise Specified (Continued) 


PARAMETER 

TEMP 

-2,-5,-9 

V+ = +5V,V- = 0V 

-2, -5, -9 

V+ = +15V,V- = -15V 

UNITS 


TYP 

MAX 

MIN 

TYP 

MAX 

TRANSIENT RESPONSE (Notes 2,3) 

Rise Time 

+25°C 

- 

600 

- 

- 

600 


ns 

Slew Rate (Note 6) 

+25°C 

0.8 

1.5 

- 

0.8 

1.5 

- 

V/ps 

Settling Time (Note 5) 

+25°C 

- 

10 

- 

- 

10 

- 

ps 

POWtH SUPPLY CHARACTERISTICS 

Supply Current 

+25°C 

- 

45 

80 

- 

100 

150 

pA/Amp 

Full 

- 

- 

100 

- 

- 

200 

pA/Amp 

Power Supply Rejection Ratio (Note 9) 

Full 
-2, -5 

77 

105 

■ 

77 

105 

■ 

dB 

Full 

-9 

70 

105 

■ 

70 

105 

■ 

dB 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func< 
tionai operability under any of these conditions is not necessarily implied. 

2. RL = 50ki2 

3. Cl = 50pF 

4. Vo = 1.4 to 2.5V for Vcc = +5, OV; Vq = ±1OV for Vcc = ±15V. 

5. Settling Time is specified to 0.1% of final value for a 3V output step and Ay = -1 for Vcc = +5V, OV. Output step = 10V for Vcc = ±15V. 

6. Maximum input slew rate s lOV/ps. 

7. VcM = 0 to 3V for Vcc = +5. OV; Vcm = ±10V for Vcc = ±15V. 

Slew Rate 


27cV, 


PEAK 


8. Full Power Bandwidth is guaranteed by equation: FPBW = 

9. AVs = +10V for Vcc = +5, OV; AVg = ±5V for Vcc = ±15V. 

10. For Vcc = +5, OV terminate Rl at +2.5V. Typical output current Is ±3mA. 

11. Vo = 1.4VforVcc = +5V,0V. 

12. See Thermal Constants in “Die Characteristics" section. 


Die Characteristics 


Transistor Count 

HA-5142.66 

HA-5144.132 

Substrate Potential*.V- 

Process.Bipolar-DI 


* The substrate may be left floating (Insulating Die Mount) or It may 
be mounted on a conductor at V- potential. 


Thermal Constants (°C/W) 

6ja 

0JC 

HA1-5144(CDIP). 

.71 

13 

HA2-5142 (CAN). 

.Ill 

34 

HA3-5142 (Plastic Mini DIP). 

.92 

30 

HA3-5144 (PDIP). 

.108 

38 

HA4P5144(PLCC). 

.74 

32 

HA7-5142 (Ceramic Mini DIP). 

.114 

35 

HA9P5142 (SOIC). 

.113 

35 

HA9P5144(SOIC). 

.96 

26 









































































HA-5142, HA-5144 



Test Circuits 


FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 


LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 5V/Div.; Output = 2V/Dlv.) 
Horizontal Scale: (Time: 2ps/Div.) 


SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = lOOmV/DIv.; Output = 50mV/Djv.) 
Horizontal Scale: (Time: 2Ms/Div.) 


OUTPUT 


SUPPLY 


^SUPPLY 


LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 2V/Dlv.; Output = 1 V/DIv.) 
Horizontal Scale: (Time: 5ps/Div.) 


SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = lOOmV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: Sps/Div.) 
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HA-5142, HA-5144 


Typical Performance Curves Vs = ±2.5v. t* = +25“c. unless otherwise specified 



iiiiiiiiiBminiS: 


IK 10K 100K 1M 

FREQUENCY (Hz) 

FIGURE 6. OUTPUT VOLTAGE SWING vs FREQUENCY AND 
SINGLE SUPPLY VOLTAGE 


-60 -40 -20 -10 0 20 40 60 80 100 120 

TEMPERATURE (®C) 

FIGURE 7. NORMALIZED AC PARAMETERS vs 
TEMPERATURE 
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HA-5142, HA-5144 
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SEMICONDUCTOR 


HA-5147 

Ultra-Low Noise Precision High Siew Rate 
March 1993 Wideband Operationai Amplifier 


Features 

• High Speed..35V/)x8 

• Wide Gain Bandwidth (Ay ^ 10).120MHz 

• Low Noise.3nV/VHz at 1kHz 

• Low Vos. 

• HighCMRR.126dB 

• High Gain. 1800V/mV 


Applications 

• High Speed Signal Conditioners 

• Wide Bandwidth Instrumentation Ampiifiers 

• Low Levei Transducer Ampiifiers 

• Fast, Low Levei Voltage Comparators 

• Highest Quality Audio Preampiifiers 

• Puise/RF Ampiifiers 


Ordering Information 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

HA2-5147-2 

-55°C to +125°C 

8 Pin Can 

HA2-5147-5 

0°C tO+75°C 

8 Pin Can 

HA2-5147A-2 

-55°C to +125°C 

8 Pin Can 

HA2-5147A-5 

0°C to +75°C 

8 Pin Can 

HA3-5147-5 

QPC to +75°C 

8 Lead Plastic DIP 

HA7-5147-2 

-55®C to +125°C 

8 Lead Ceramic DIP 

HA7-5147-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA7-5147A-2 

-55°Cto+125°C 

8 Lead Ceramic DIP 

HA7-5147A-5 

0°C to +75°C 

8 Lead Ceramic DIP 


Pinouts 


HA-5147 
(PDIP, COIP) 
TOP VIEW 



Description 

The HA-5147 monolithic operational amplifier features an 
unparalleled combination of precision DC and wideband 
high speed characteristics. Utilizing the Harris D. I. technol¬ 
ogy and advanced processing techniques, this unique 
design unites low noise (3nV/VHz) precision instrumentation 
performance with high speed (35V/ps) wideband capability. 

This amplifier’s impressive list of features include low Vos 
(lOpV), wide gain bandwidth (120MHz), high open loop gain 
(1800V/mV), and high CMRR (126dB). Additionally, this flex¬ 
ible device operates over a wide supply range (±5V to ±20V) 
while consuming only 140mW of power. 

Using the HA-5147 allows designers to minimize errors while 
maximizing speed and bandwidth in applications requiring 
gains greater than ten. 

This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-5147’s qualities include instrumentation ampiifiers, pulse 
or RF amplifiers, audio preamplifiers, and signal conditioning 
circuits. Further application Ideas are given In Application 
Note 553. 

This device can easily be used as a design enhancement by 
directly replacing the 725, OP25, OP06, OP07, OP27 and 
OP37 where gains are greater than ten. For military grade 
product, refer to the HA-5147/883 data sheet. 


HA-5147 

(TO-99 METAL CAN) 
TOP VIEW 

BAL 



CAUTION: These devices are serisitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pjjg fsjymper 2910.1 

Copyright © Harris Corporation 1993 
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Specifications HA-5147, HA-5147A 


Absolute Maximum Ratings (Note i) Operating Conditions 

Ta = +25°C Unless Otherwise Stated Operating Temperature Ranges 

Voltage Between V+ and V- Terminals.±44V HA-5147/47A-2. 

Differential Input Voltage (Note 2).0.7V HA-5147/47A-5. 

Output Current..Full Short Circuit Protection Storage Temperature Range. 

Junction Temperature (Note 13).+175°C 

Junction Temperature (Plastic Packages).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications v+ = 15V, v- = -i 5V. Cl < 50pF, Rs < i ooa 


PARAMETERS 


INPUT CHARACTERISTICS 


Offset Voltage 


.-55°C:STa^+125°C 

...0°C:STa^+75°C 

.-65®C^Ta:S+150®C 


only rating and operation 


Average Offset Voltage Drift 


Offset Current 


Common Mode Range 


Differential Input Resistance (Note 3) 


Input Noise Voltage 0.1 Hz to 10Hz (Note 4) 


Input Noise Voltage Density (Note 5) 


input Noise Current Density (Note 5) 


TRANSFER CHARACTERISTICS 


Minimum Stable Gain 


Large Signal Voltage Gain (Note 6) 


Common Mode Rejection Ratio (Note 7) 


Gain-Bandwidth-Product 



8.0 I nV/VHz 


5.6 I nV/VHz 


nV/VFiz 


pA/VlHz 


PA/VHz 


0.6 I pA/VHz 



Full Power Bandwidth (Note 8) 


Output Resistance, Open Loop 


Output Current 


CsJ 
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Specifications HA-SI47, HA-SI47A 


Electrical Specifications v+ = i5V, v- = -i sv, Cl ^ sopF, Rs ^ i ooq 


HA-5147A 


PARAMETERS 

TEMP 

1 TRANSIENT RESPONSE (Note 9) 

Rise Time 

+25®C 

Slew Rate (Note 11) 

+25®C 

Settling Time (Note 10) 

+25°C 

Overshoot 

+25°C 




POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio (Note 12) 


NOTES: 

' 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. For differential input voltages greater than 0.7V, the input current must be limited to 25mA to protect the back-to-back input diodes. 

3. This parameter value is based upon design calculations. 

4. Refer to Typical Performance section of the data sheet. 

5. The limits for this parameter are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

6. VoyT = ±10V,RL = 2ki2 

7. VcM = ±10V 

3. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = -- 

9. Refer to Test Circuits section of the datasheet. PEAK 

10. Settling time is specified to 0.1 % of final value for a 10V output step and Ay = -10. 

11. VouT = ±3V (6VStep). 

12. Vs = ±4V to ±18V 

13: See thermal constants in “Die Characteristics" section. 


Die Characteristics 

Transistor Count....... 63 

Die Dimensions..... 65 x 104.3 x 19 mils 

Substrate Potential".... V- 

Process............... Bipolar -Dl 

Thermal Constants (°C/W) 0 ja 3jC 

Ceramic Mlni-DiP.. 114 34 

TO-99MetafCan ................... 108 33 

Plastic DIP..... 92 30 


' The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 
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HA-5147, HA-5147A 


Test Circuits 



FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 


LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 0.5V/Div.) 

(Volts: Output = 5V/Div.) 
Horizontal Scale: (Time: 500ns/Div.) 



SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 10mV/Div) 

(Volts: Output = lOOmV/Div) 
Horizontal Scale: (Time: lOOns/DIv) 
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Feedback and summing resistors 
should be 0.1% matched. 

Clipping diodes are optional. 
HP5082-2810 recommended. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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OFFSET VOLTAGE (fiV) 


HA-5147, HA-5147A 
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FIGURE 6. CMRR vs. FREQUENCY 
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FIGURE 7. PSRR vs. FREQUENCY 
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FIGURE 8. OPEN LOOP GAIN AND PHASE vs. FREQUENCY 
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HA-5147, HA-5147A 


Typical Performance Curves » +25°C. Vsupply = unless otherwise specified (Continued) 



0 2 4 6 8 

LOAD RESISTANCE (kQ) 

FIGURE 9 . Avol AND Vqut vs. LOAD RESISTANCE 
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FIGURE 10. NORMALIZED SLEW RATE vs. TEMPERATURE 
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FIGURE 11. SUPPLY CURRENT vs. TEMPERATURE 
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FIGURE 12. Vqut MAX (UNDISTORTED SINEWAVE OUTPUT) 
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FIGURE 13. CLOSED LOOP GAIN AND PHASE vs FREQUENCY FIGURE 14. PEAK-TO-PEAK NOISE VOLTAGE (0.1Hz TO 10Hz) 
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Horizontal Scale = 1sec/Div. Vertical Scale == 0.002^V/Div. 
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HA-5147, HA-5147A 


Application Information 




Tested Offset Adjustment Range is IVqs +1mVI minimum referred to output. 
Typical range Is ±4mV with Rj = 10kil 

FIGURE 15. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 




Low resistances are preferred for low noise applications as a IkO resistor has 4nV/VHz of thermal noise. Total resistances of greater than 
lOkO on either input can reduce stability. In most high resistance applications, a few picofarads of capacitance across the feedback resistor 
will Improve stability. 

FIGURE 16. SUGGESTED STABILITY CIRCUITS 
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HARRI3 HA-5160, HA-5162 

SEMICONDUCTOR ■ 


March 1993 


Wideband, JFET Input High Slew Rate, 
Uncompensated, Operational Amplifiers 


Features 

• Wide Gain Bandwidth (Ay ^10) 

• High Siew Rate. 

• Settling Time. 


120V/^8 


Power Bandwidth. 


Offset Voltage. 


Bias Current. 


Applications 

• Video and RF Amplifiers 

• Data Acquisition 

• Pulse Amplifiers 

• Precision Signal Generation 

Ordering Information 


PART NUMBER 


TEMPERATURE 

RANGE 

-55°C to +125°C 
0°C to +75°C 
0°C to +75°C 


Description 

The HA-5160 is a wideband, uncompensated, operational 
amplifier with FET/Bipolar technologies and Dielectric Isola¬ 
tion. This monolithic amplifier features superior high fre¬ 
quency capabilities further enhanced by precision laser 
trimming of the input stage to provide excellent input charac¬ 
teristics. This device has excellent phase margin at a closed 
loop gain of 10 without external compensation. 

The HA-5160/5162 offers a number of important advantages 
over similar FET input op amps from other manufacturers. In 
addition to superior bandwidth and settling characteristics, 
the Harris devices have nearly constant slew rate, band¬ 
width, and settling characteristics over the operating temper¬ 
ature range. This provides the user predictable performance 
in applications where settling time, full power bandwidth, 
closed loop bandwidth, or phase shift is critical. Note also 
that Harris specified ail parameters at ambient (rather than 
junction) temperature to provide the designer meaningful 
data to predict actual operating performance. 

Complementing the HA-5160/5162’s predictable and excellent 
dynamic characteristics are very low input offset voltage, very 
low input bias current, and a very high input impedance. This 
ideal combination of features make these amplifiers most suit¬ 
able for precision, high speed, data acquisition system designs 
and for a wide variety of signal conditioning applications. The 
HA-5160 provides excellent performance for applications which 
require both precision and high speed performance. The 
HA-5162 meets or exceeds the performance specifications of 
National’s hybrid op amp, the LH0062. 

Military version (/883) data sheets are available upon 
request. 


Pinout 


HA-516Q/5162 
(TO-99 METAL CAN) 
TOP VIEW 


COMPENSATION 



Case connected to V- 


CAUTION: Those devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 o c>i o 
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Specifications HA~5160, HA''5162 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V-.40V Operating Temperature Ranges 

Differential Input Voltage.40V HA-5160-2.-55°C ^ S +125°C 

Peak Output Current.Full Short Circuit Protection HA-5160-5.0°C ^ ^ +75°C 

Junction Temperature (Note 2)....+175°C HA-5162-5.0°C ^ T^ ^ +75°C 

Lead Temperature (Soldering 10 Sec.).+300°C Storage Temperature Range.-65°C ^ T^ ^ +150°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings“ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the qoerational sections of this specification is not implied. 


Electrical Specifications V+ = +1SV. V- = -15V. Unless otherwise Specified. 


PARAMETER 


INPUT CHARACTERISTICS 



HA-5160-2 

-55®Cto+125®C 


HA-5160-5 
0®C to +75®C 


HA-5162-5 
0®C to +75®C 


TEMP I MIN TYP MAX I MIN TYP MAX I MIN TYP MAX I 



Offset Voltage 

+25°C 

- 

1 

3 

- 

1 

3 

- 

3 

15 

mV 


Full 

- 

3 

5 

- 

3 

5 

- 

5 

20 

mV 

Offset Voltage Average Drift 

Full 

- 

10 

- 

- 

20 

- 


20 

35 

pV/°C 

Bias Current 

+25°C 

- 

20 

50 

- 

20 

50 


20 

65 

pA 


Full 

- 

5 

10 

- 

5 

10 


5 

10 

nA 

Offset Current 

+25°C 

- 

2 

10 

- 

2 

10 


2 

10 

pA 


Full 

- 

2 

5 

- 

2 

5 


2 

5 

nA 

Input Capacitance 

+25°C 

- 

5 

- 

- 

5 

- 


5 

- 

PF 

Input Resistance 

+25°C 

- 

10^2 

- 

- 

10'2 

- 


10^2 

- 

Q 

Common Mode Range 

Full 

±10 

±11 

- 

±10 

±11 

- 

±10 

±11 

- 

V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) 

+25°C 

75 

150 

- 

75 

150 

- 

25 

100 

- 

kVA/ 


Full 

60 

100 

- 

60 

100 

- 

25 

75 

- 

kV/V 

Common Mode Rejection Ratio 
(Note 4) 

Full 

74 

80 

- 

74 

80 

- 

70 

80 

- 

dB 

Minimum Stable Gain 

+25°C 

10 

- 

- 

10 

- 

- 

10 

- 

- 

V/V 

Gain Bandwidth Product (Ay > 10) 

Full 

- 

100 

- 

- 

100 

- 

- 

100 

- 

MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 5) 

+25°C 

±10 

±11 

- 

±10 

±11 

- 

±10 

±11 


D 


Full 

±10 

±11 

- 

±10 

±11 

- 

±10 

±11 


D 

Output Current (Note 6) 

+25°C 

±10 

±20 

- 

±10 

±20 

- 

±10 

±20 


mA 

Output Short Circuit Current 

+25°C 

- 

±35 

- 

- 

±35 

- 

- 

±35 


mA 

Full Power Bandwidth (Note 3,7) 

+25°C 

1.6 

1.9 

- 

1.6 

1.9 

- 

0.8 

1.1 


MHz 

Output Resistance (Note 8) 

+25°C 

- 

50 

- 

- 

50 

- 

- 

50 


Q 
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Specifications HA-5160, HA-5162 


Electrical Specifications v+ > +15V, v- < -isv, unless otherwise Specified. (Continued) 




HA-5160-2 

-55®Cto+125®C 

HA-5160-5 

0®Cto+75®C 

HA-5162-5 

0®C to +75®C 


PARAMETER 

TEMP 


TYP 

MAX 


TYP 

MAX 

1 MIN 1 

TYP 

1 MAX 1 

UNITS 

TRANSIENT RESPONSE (Note 9) 

Rise Time 

+25°C 

- 

20 

- 

- 

20 

- 

- 

20 

- 

ns 

Slew Rate 

+25®C 

100 

120 

- 

100 

120 

- 

50 

70 

- 

V/ps 

Settling Time (Note 10) 

+25®C 

- 

280 

- 

- 

280 

- 

- 

400 

- 

ns 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

Full 

- 

8 

10 

- 

1 

8 

10 

- 

8 

12 

mA 

Power Supply Rejection Ratio 
(Note 11) 

+25°C 

74 

86 

- 

74 

86 

- 

70 

86 

- 

dB 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceabiiity of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. See thermal constant in “Die Characteristics” section. 

3. VouT = ±10V,RL = 2kQ 

4. Vcm = ±10VDC 

5. RL = 2kQ 

= SlewRate 

7. Full Power Bandwidth guaranteed, based on slew rate measurement using rPBW = - 

8. Output resistance measured under open loop conditions. PEAK 

9. Refer to Test circuits section of the data sheet, where Ay » +10. 

10. Settling Time is measured to 0.2% of final value for a 10V output step and Ay - 10. 

11 • VsupPLY = ±1OVDC to ±20VDC 
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HA-5160, HA-5162 


Test Circuits 



FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 


LARGE SIGNAL RESPONSE 

Vertical Scale: A = 0.5V/Dlv., B = 5V/Div. 
Horizontal Scale: Time = 500ns/Div. 


SMALL SIGNAL RESPONSE 

Vertical Scale: A = lOmV/Div.. B = 100mV/Dlv. 
Horizontal Scale: Time = lOOns/DIv. 





OSCILLOSCOPE 


Feedback and summing resistors 
should be 0.1% matched. 

* Clipping diodes are optional. 
HP5082-2810 recommended. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 


2-552 






INPUT NOISE VOLTAGE (nV/V?iz) OUTPUT VOLTAGE SWING (Vp.p) ^ BIAS 


HA-5160, HA-5162 



IK 


10M 


10K 100K 1M 

FREQUENCY (Hz) 

FIGURE 5. OUTPUT VOLTAGE SWING vs. FREQUENCY 


V) 

<5 




FIGURE 7. INPUT NOISE VOLTAGE AND NOISE CURRENT vs. 
FREQUENCY 




FIGURE 6. OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS COMPENSATION CAPACITANCES 



FIGURE 8. NORMALIZED AC PARAMETERS vs. TEMPERATURE 
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HA-5160, HA-5162 


Typical Performance Curves (Continued) 



200 400 


600 800 


LOAD RESISTANCE (Q) 


100 200 300 400 500 600 

SETTUNG TIME (ns) 


FIGURE 9. OUTPUT VOLTAGE SWING vs. LOAD RESISTANCE FIGURE 10. SETTLING TIME FOR VARIOUS OUTPUT STEP 

VOLTAGES 



10K 100K 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


FIGURE 11. COMMON MODE REJECTION RATIO vs FREQUENCY FIGURE 12. POWER SUPPLY REJECTION RATIO vs FREQUENCY 


VsUPPLY = ±20V 


VsuPPLY®±15V. 

VsUPPLY ■ ±10V 
^ VsupPLY“±7V 


I I 



-80 -40 0 40 80 120 160 

TEMPERATURE (®C) 

FIGURE 13. POWER SUPPLY CURRENT vs TEMPERATURE 
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HA-5160, HA-S162 


Applying the HA-5160/5162 


1. POWER SUPPLY DECOUPLING: Although not absolute¬ 
ly necessary, it is recommended that ail power supply 
lines be decoupled with 0.01 ceramic capacitors to 
ground. Decoupling capacitors should be located as near 
to the amplifier terminals as possible. 

2. STABILITY: The phase margin of the HA-5160/5162 will 
be improved by connecting a small capacitor (>10pF) be¬ 
tween the output and the inverting input of the device This 
small capacitor compensates for the input capacitance of 
the FET. 


3. CAPACITIVE LOADS: When driving large capacitive loads 
(>100pF), it is suggested that a small resistor (-100D) be 
connected in series with the output of the device and in¬ 
side the feedback loop. 

4. POWER SUPPLY MINIMUM: The absolute supply mini¬ 
mum is ±6V and the safe level is ±7V. 


Applications 


SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY* 


INVERTING UNITY GAIN PULSE RESPONSE 

Vertical Scale: (Volts: 2V/Dlv.) 
Horizontal Scale: (Time: 500ns/Div.) 




FIGURE 14. INVERTING UNITY GAIN CIRCUIT 


NONINVERTING UNITY GAIN PULSE RESPONSE 

Vertical Scale: (Volts: 2V/Dlv.) 

Horizontal Scale: (Time: 500ns/Div.) 




FIGURE 15. NONINVERTING UNITY GAIN CIRCUIT 


Values were determined experimentally for optimum speed and settling time. 
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HA-5170 


Precision JFET Input 
Operationai Amplifier 


Features 

• Low Off set Voltage.lOO^V 

• Low Offset Voltage Drift.2)xV/^C 

• Low Noise.lOnV/Vfiz 

• High Open Loop Gain.600kV/V 

• Wide Bandwidth.8MHz 

• Unity Gain Stabie 

• Appiications 


• High Gain Instrumentation Amplifiers 

• Precision Data Acquisition 

• Precision Integrators 

• Precision Threshold Detectors 

• For Further Design Ideas, Refer to App. Note 540 

Ordering Information 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA2-5170-2 

-55°C to +125°C 

8 Pin Can 

HA2-5170-5 

0°C to +75°C 

8 Pin Can 

HA7-5170-2 

-55°C to +125°C 

8 Lead Ceramic 
DIP 

HA7-5170-5 

0°Cto+75°C 

8 Lead Ceramic 
DIP 


Pinouts 


HA-5170 
(CDIP) 
TOP VIEW 



Description 

The Harris HA-5170 is a precision, JFET input, operational 
amplifier which features low noise, low offset voltage and low 
offset voltage drift. Constructed using FET/Bipolar technol¬ 
ogy, the Harris Dielectric Isolation (Dl) process, and laser 
trimming this amplifier offers low Input bias and offset cur¬ 
rents. This operational amplifier design also completely elim¬ 
inates the troublesome errors due to warm-up drift. 

Complementing these excellent input characteristics are 
dynamic performance characteristics never before available 
from precision operational amplifiers. An 8V/ps slew rate and 
8MHz bandwidth allow the designer to extend precision 
instrumentation applications In both speed and bandwidth. 
These characteristics make the HA-5170 well suited for pre¬ 
cision integrator amplifier designs. 

The superior Input characteristics also make the HA-5170 
ideally suited for transducer signal amplifiers, precision volt¬ 
age followers and precision data acquisition systems. For 
application assistance, please refer to Application Note 540 
addressing specifically this device. 

Military version (-8) product and data sheets available upon 
request. 


HA-5170 

(TO-99 METAL CAN) 
TOP VIEW 


NC 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pjjg |sjymber 2912.1 

Copyright © Harris Corporation 1993 
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Specifications HA-5170 


Absolute Maximum Ratings (Note 1) Operating Conditions 

= +25°C, Unless Otherwise Specified Operating Temperature Range 

Voltage Between V+ and V- Terminals.44.0V HA-5170-2.-55°C ^ T^ ^ +125°C 

Differential Input Voltage..30.0V HA-5170-5.0°C ^ T^^ ^+75°C 

Output Short Circuit Duration.Indefinite Storage Temperature Range.-65°C ^ T;^ ^ +150°C 

Junction Temperature (Note 2).+175°C Thermal Package Characteristics (°C/W) Gjc 

Lead Temperature (Soldering 10 Sec.).+300°C Ceramic DIP. 113 34 

Can. 105 32 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operathnai sections of this specification is not implied. 


Electrical Specifications V+ = +15V, V- = -15V, Unless otherwise Specified 



CVJ 
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Specifications HA-5170 


Electrical Specifications V+ = +15V, V- -15V, unless otherwise Specified 



Settling Time (Notes 3 & 10) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio 
(Note 11) 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceable of the circuit may be impaired. F 
operable under any of these conditions is not necessariiy implied. 

2. Maximum power dissipation must be designed to maintain Junction temperature below +175*’C. 

3. Parameter is not 100% tested. 90% of all units meet or exceed these specifications. 

4. VouT = ±10V,RL = 2ka 

5. AVcm = ±10VDC. 

6. RL = 2kQ. 

SlewRate 

7. Rl = 2kQ; Full power bandwidth guaranteed based on slew rate measurement using FPBW = - 

8. VouT = ±10V. lsctumsonat = 23mA. PEAK 

9. Output resistance measured under open loop conditions (f =: 100Hz). 

10. Settling time is measured to 0.1 % of final value for a 10V output step and Ay * -1. 

11. V+=+15V, V-=-10V to-20V and V-=-15V, V+=+10V to+20V. 
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Test Circuits 


FIGURE 1. Vos adjustment 


FIGURE 2. LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 


Tested Offset Adjustment Range is IVqs + 1mVI minimum referred 
to output. Typicai range is ±5mV with Rj = 1kQ and ±15mV with 
RT=100ka 

LARGE SIGNAL RESPONSE 


SMALL SIGNAL RESPONSE 


Vertical Scale: 5V/Div. 
Horizontal Scale: 1us/Div. 


Vertical Scale: 10mV/Div. 
Horizontal Scale: 100ns/Div. 


HA-5170 LOW FREQUENCY NOISE (0.1 Hz TO 10Hz) 


Vertical Scale: 200nV/Div. (Noise Referred to Input) 
5mV/Div. at Output, Avcl = 25,000. 
Horizontal Scale: 1s./Div. 


-O OUT 
4.7uF 


Hf 




ElOHz HLTER 
Ay a 25,000 




FIGURE 3. LOW FREQUENCY NOISE TEST CIRCUIT 
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OPEN LOOP VOLTAGE GAIN (dB) 


HA-5170 


Typical Performance Curves (Continued) 
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HA-5177 

Ultra-Low Offset Voltage 
Operational Amplifier 


Features 

• Low Offset Voltage.20^V 

• Low Offset Voltage Drift.0.2^V/^C 

• High Voltage Gain.ISOdB 

• HighCMRR....140dB 

• High PSRR.135dB 

• Low Noise.9.0nV^/Hz 

• Low Power Consumption.51 mW Max. 

Applications 


• High Gain Instrumentation Amplifiers 

• Precision Control Systems 

• Precision Integrators 

• High Resolution Data Converters 

• Precision Threshold Detectors 

• Low Level Transducer Amplifiers 

Ordering Information 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA2-5177-2 

-55°C to +125°C 

8 Pin CAN 

HA2-5177-5 

0°C to +75°C 

8 Pin CAN 

HA3-5177-6 

0°Cto+75°C 

8 Lead Plastic DIP 

HA7-5177-2 

-55°Cto+125°C 

8 Lead Ceramic DIP 

HA7-5177-5 

0°C to +75°C 

8 Lead Ceramic DIP 

HA9P5177-5 

0°Cto+76°C 

8 Lead SOIC 


Description 

The HA>5177 is a monolithic, ail bipolar, precision opera¬ 
tional amplifier, utilizing Harris dielectric isolation and 
advance processing techniques. This design features a com¬ 
bination of precision input characteristics, wide bandwidth 
(2MHz) and high speed (0.8V/ps). 

The HA-5177 uses advanced matching techniques and laser 
trimming to produce low offset voltage (20pV) and low offset 
voltage drift (0.2pV/°C). This design also features low volt¬ 
age noise (9.0nV/VF?z), low current noise (1.2pA/VHz), nano¬ 
amp input currents, and 120dB minimum gain. 

These outstanding features along with high CMRR (140dB) 
and high PSRR (135dB) make this unity gain stable amplifier 
ideal for high resolution data acquisition systems, precision 
integrators, and low level transducer amplifiers. 

The HA-5177 can be used as a direct replacement for the 
OP05, OP07, and OP77 while offering higher bandwidth and 
slew rate. See the HA-5177/883 data sheet for military grade 
parts and LCC package. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pUg |sjyrn|;) 0 l' 2913a 1 
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Specifications HA-5177 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage Between V+ and V- Terminals.44V Operating Temperature Range 


Differential Input Voltage.7V 

Output Current.Short Circuit Protected 


HA-5177-2.-55°C ^ T^ ^ +I25OC 

HA-5177-5.O^C ^ Ta ^ +75°C 


Junction Temperature.+175°C Storage Temperature Range.-65°C ^ T/^ ^ +150°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300**C 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications v-f- = +15V, V- s -15V, unless otherwise Specified 



Input Noise Current 0.1 Hz to 10Hz 


Input Noise Current Density 
fo = 10Hz 


fo = 100Hz 


fo = 1000Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 2) 


Common Mode Rejection Ratio (Note 3) 


Closed Loop Bandwidth (Avcl = +”•) 
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Specifications HA-5177 


Electrical Specifications v-i- = -fisv, v- »>15V, Unless otherwise Specified (Continued) 


PARAMETER 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 



Overshoot (Note 10) 


POWER SUPPLY CHARACTERiSTiCS 


Suppiy Current 


Power Suppiy Rejection Ratio (Note 9) 


1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceabiiity of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. VouT = ±10V, RL = 2kQ. 

3. AVcm = ±10VD.C. 

4. RL = 2kO. 

Slew Rate 

5. Full power bandwidth guaranteed based on slew rate measurement using FPBW = -, V = 10V 

6. VouT = ±10V. ^ 

7. Refer to test circuits section of the data sheet. 

8 . Settling time is measured to 0.1% of final value for a 10V output step and A^ == +1. 

9. AVsupply = ±10V D.C. to ±20V D.C. 

10. Av = 1, Rl = 2ka, VouT = ±200mV. 

11. A^ = 1, Rl = 2kQ, Vqut = 0 to ±3V. 
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Test Circuits 



2k ^psOpF 


FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 




FIGURE 2. SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: 100mV/Dlv.) 
Horizontal Scale: (Time: 2ps/Div.) 


FIGURE 3. LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: 5V/Div.) 
Horizontal Scale: (Time: 5ns/Dlv.) 



TO 

OSCILLOSCOPE 


Feedback and summing resistors 
should be 0.1% matched. 

Clipping diodes are optional. HP5082- 
2810 recommended. 


FIGURE 4. SETTLING TIME CIRCUIT 
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PHASE SHIFT (DEGREES) -< PHASE SHIFT (DEGREES) 





























































OFFSET VOLTAGE CHANGE OiV) OFFSET VOLTAGE CHANGE (nV) OFFSET CURRENT (nA) 































































OUTPUT VOLTAGE (Vp.p) SUPPLY CURRENT (mA) SLEW RATE (V/ns) 
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BANDWIDTH (MHz) 


HA-5177 


Typical Performance Curves Vs=±i5v,Ta=+25°c (continued) 

1-<»l-1-1-1-1-1-1- '1-1-iW 

A»-+1 

1.03 —» ->4- 80 

1.01--— 70 S 

0.99-I- BANDWIDTH-60 § 


‘PHASE MARGIN' 


"v 

1+1 









- 





S 




0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 

LOAD CAPICITANCE (pF) 

FIGURE 23. SMALL SIGNAL BANDWIDTH AND PHASE 
MARGIN 



FIGURE 24. PEAK-TO-PEAK NOISE (0.1Hz TO 10Hz) 

Av = 25,000, En = 0.22nVp.p RTI 



-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (®C) 

FIGURE 25. OPEN LOOP GAIN vs TEMPERATURE 



57 9 11 13 15 

SUPPLY VOLTAGE (±V) 

FIGURE 26. OPEN LOOP GAIN vs SUPPLY VOLTAGE 



TIME (MINUTES) 

FIGURE 27. OUTPUT SHORT CIRCUIT CURRENT vs TIME 
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Applications Information 

Operation Below 15V Supply Input Protection 

The HA-5177 performs well down to ±5V supplies. At ±5V The HA-5177 Input stage has built In back-to-back protection 
supplies there is a slight degradation of slew rate and open diodes with series current limiting resistors, 

loop gain. There is very little change in bias currents and off¬ 
set voltage. 

Offset Adjustment y* 

The following is the recommended V|o adjust configuration: 




Setting Rp = 20K will give an adjustment range of ±2.6mV. 


The Bias currents will increase when a differential voltage of 
0.7 volts is exceeded. 

The internal current limiting resistors sufficiently limit cur¬ 
rent therefore, no external resistors are required. 

Refer to the “Bias Current vs Differential Input Voltage” 
curve in the Typical Performance Curves section 
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HARRIS HA-5190, HA-5195 
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March 1993 


Wideband, Fast Settling 
Operational Amplifiers 


Features 

• Fast Settling Time (0.1%).70ns 

• Very High Slew Rate. 200V/)is 

• Wide Gain-Bandwidth (Av ^ 5). 150MHz 

• Power Bandwidth.6.5MHz 

• Low Offset Voitage.3mV 

• input Noise Voitage. 6nV/VFiz 

• Bipoiar D.I. Construction 

Applications 

• Fast, Precise D/A Converters 

• High Speed Sampie-Hoid Circuits 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

Ordering Information 


PART NUMBER 


TEMPERATURE 


-55°C to +125°C T 14 Lead Ceramic DIP 


HA9P5195-5 

HA9P5195-9 


0°C to +75°C 
-55°Cto+125^ 
0°C to +75°C 
0°C to +75°C 
-40°C to +85°C 


14 Lead Ceramic DIP 


14 Lead SOIC 
14 Lead SOIC 


Description 

HA-5190/5195 are monolithic operational amplifiers 
featuring a combination of speed, precision, and bandwidth. 
Employing monolithic bipolar construction coupled with 
Dielectric isolation, these devices are capable of delivering 
200 V/|as slew rate with a settling time of 70ns (0.1%, 5V 
output step). These truly differential amplifiers are designed 
to operate at gains ^ 5 without the need for external 
compensation. Other outstanding HA-5190/5195 features 
are 150MHz gain bandwidth product and 6.5MHz full power 
bandwidth. In addition to these dynamic characteristics, 
these amplifiers also have excellent input characteristics 
such as 3mV offset voltage and S.OnV/VFlz input voltage 
noise at 1 kHz. 

With 200V/|is slew rate and 70ns settling time, these devices 
make ideal output amplifiers for accurate, high speed D/A 
converters or the main components In high speed sample/ 
hold circuits. The 5190/5195 are also ideally suited for a 
variety of pulse and wideband video amplifiers. Please refer 
to Application Notes 525 and 526 for some of these 
application designs. 

At temperatures above +75°C a heat sink is required for the 
HA-5190 (see Note 2 and Application Note 556). For military 
versions, please request the HA-5190/883 data sheet. 


Pinouts 


HA-5190/5195 
(CDIP) 
TOP VIEW 


HA-5195 
(SOIC) 
TOP VIEW 


HA-5190/5195 
(TO-8 METAL CAN) 
TOP VIEW 




OUT 

NC 

NC 0 ffl^ © NC 

V© ^ ©/ 

-IN^'-'--- 

m 


Case Tied To V- 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
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Specifications HA-5190, HA-5195 


Absolute Maximum Ratings 

Voltage Between V+ and V-.35V 

Differential Input Voltage.6V 

Output Current.50mA (Peak) 

Junction Temperature (Note 1).+175°C 


Operating Conditions 

Operating Temperature Ranges 

HA-5190-2.-55°C ^ T^ ^ +125®C 

HA-5195-5.0°C ^ Ta ^ +75°C 

HA-5195-9.-40°C ^ T^ ^ •f85°C 


Junction Temperature (Plastic Packages).+150°C Storage Temperature Range.-65®C T;^ ^ +150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: StrmssBS abovB those listed in “Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 
of the dewce at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsupply = 5V, R^ = 2000, unless otherwise Specified 


PARAMETERS 


INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Offset Current 


input Resistance 


Input Capacitance 


Common Mode Range 


Input Noise Current (f = 1kHz, Rg = OQ) 


Input Noise Voltage (f = 1kHz, Rg = Ofl) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 2) 


Common Mode Rejection Ratio (Note 3) 


Minimum Stable Gain 


Gain-Bandwidth-Product (Note 4) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 2) 


Output Current (Note 2) 


Output Resistance 


Full Power Bandwidth (Notes 2,5) 


TRANSIENT RESPONSE (Note 6) 


Rise Time 


Overshoot 


Slew Rate 


Settling Time (Note 6) 
5V Step to 0.1% 


5V Step to 0.01% 


2.5V Step to 0.1% 


2.5V Step to 0.01% 



mA 


a 


MHz 




ns 


% 


V/ps 


ns 
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Specifications HA-5190, HA-5195 


Electrical Specifications Vsupply = sv, ^ 200a unless otherwise Specified (Continued) 


HA-5190-2 


PARAMETERS 

TEMP 

I POWER SUPPLY CHARACTERISTICS 

Supply Current 

Full 

Power Supply Rejection Ratio (Note 7) 

Full 


19 28 


90 


19 28 


70 90 


NOTES: 

1. Recommended heat sinks: For TO-8 Metal Can, Thermalloy #2240A (0 sa = 27®C/W) or #2268B (0 sa = 24°C/W). For 14 lead Ceramic 
DIP: AAVID #56026 (0 sa = 16®C/W). See Die Characteristics section for 0 jV0jc values. 

2. Rl = 200Q, Cl < 10pF, Vqut = ±5V. 

3. AVcm = ±5V. 

4. Vour = 90mV.A, = 10. 

5. Full power bandwidth guaranteed based on slew rate measurement using: FPBW — - 

6. Refer to Test Circuits section of the data sheet. PEAK 

7. AVsuPPLY = ±10VDCto±20VDC. 
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HA-5190. HA-5195 


die Characteristics 


Transistor Count.49 

Die Dimensions.0.087 x 0.052 x 0.019 inches 

(2210 x1320 x483 mm) 

Substrate Potential (Powered Up)*.V- 

Process.High Frequency Bipolar Dielectric Isolation 

Passivation.Nitride 


Thermal Constants (°C/W) 

Ceramic DIP. 

Metal Can. 

SOIC. 


The substrate may be left floating (Insulating Die Mount) or It may 
be mounted on a conductor at V- potential. 


Test Circuits 



Av = 5 
*Cl<10pF 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUir 


LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: A == 2.0V/Div., B = 4.0/Div.) 
Horizontal Scale: (Time: lOOns/Div.) 



SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: A = 50mV/Div., B = lOOmV/DIv.) 
Horizontal Scale: (Time: lOOns/DIv.) 


VquT b 



0.001 



PROBE 

MONITOR 


• Load Capacitance should be less than lOpF. 

• It is recommended that resistors be carbon composition and that 
feedback and summing network ratios be matched to 0.1%. 

• Settle Point (Summing Node) capacitance should be less than 
lOpF. For optimum settling time results, it is recommended that 
the test circuit be constructed directly onto the device pins. A 
Tektronix 568 Sampling Oscilloscope with S-3A sampling heads 
is recommended as a settle point monitor. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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INPUT NOISE CURRENT (pA/VrS) S § PHASE (DEGREES) 
























































































HA-5190, HA-5195 


Typical Performance Curves v+ = +15V, v- = -15V, Ta = +25°c, unless otherwise specified. (Continued) 





400 600 800 

LOAD RESISTANCE (O) 


0 1 0 20 30 40 50 60 70 80 90 1 00 110 

SETTUNG TIME (ns) 


FIGURE 9. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE FIGURE 10. SETTLING TIME FOR VARIOUS OUTPUT STEP 

VOLTAGES 
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FIGURE 11. COMMON MODE REJECTION RATIO vs FREQUENCY FIGURE 12. POWER SUPPLY REJECTION RATIO vs FREQUENCY 


VsUPPLY = ±15V\ 
- VsuppLY*±10Vy 



-80 -40 0 40 80 1 20 1 60 
TEMPERATURE (®C) 

FIGURE 13. POWER SUPPLY CURRENT vs TEMPERATURE 
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HA-5190, HA-5195 


Applying the HA-5190/5195 


1. POWER SUPPLY DECOUPUNG: Although not abso- 
lutely necessary, it is recommended that aii power supply 
lines be decoupled with 0.01 pF ceramic capacitors to 
ground. Decoupling capacitors should be located as near 
to the amplifier terminals as possible. 

2. STABILITYCONSIDERATIONS; HA-5190/5195 is stable 
at gains > 5. Gains < 5 are covered below. Feedback re¬ 
sistors should be of carbon composition located as near 
to the input terminals as possible. 

3. WIRING CONSIDERATIONS: Video pulse circuits should 
be built on a ground plane. Minimum point to point con¬ 
nections directly to the amplifier terminals should be 


used. When ground planes cannot be used, good single 
point grounding techniques should be applied. 

4. OUTPUT SHORT CIRCUIT; HA-5190/5195 does not 
have output short circuit protection. Short circuits to 
ground can be tolerated for approximately 10 seconds. 
Short circuits to either supply will result in immediate de¬ 
struction of the device. 

5. HEAVY CAPACITIVE LOADS: When driving heavy ca¬ 
pacitive loads (> lOOpF) a small resistor (100D) should 
be connected in series with the output and inside the 
feedback loop. 


TypiCBl AppliCBtionS (Also see Application Notes 525 and 526) 


INO—-j-— 
iipF* ici 


Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: lOOns/Div.) 


Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: lOOns/Div.) 


I Jllll Wd/fB PB BP PI® I 


I yym myiUjyyi I 


iiiimiiiiiiH-iiiiiiiii 


Values were determined experimentally for optimum speed and settling time. R1 and Cl should be optimized 
for each particular application to ensure best overall frequency response. 

FIGURE 14. SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY: NONINVERTING 

Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (50ns/Dlv.) 


PPR BPIl PPP BBIPBI (BB 

lIPBI IIIH 1111 HIM IIIN 


FIGURE 15. SUGGESTED COMPENSATION FOR INVERTING UNITY GAIN 
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FIGURE 16. VIDEO PULSE AMPLIFIER/75Q COAXIAL DRIVER FIGURE 17. VIDEO PULSE AMPLIFIER COAXIAL LINE DRIVER 
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GD HA-5221, HA-5222 


March 1993 


Low Noise, Wideband 
Precision Operational Amplifiers 


Features 

• Gain Bandwidth Product.100MHz 

• Unity Gain Bandwidth.35MHz 

• High Siew Rate.35V/|is 

• Low Offset Voitage.0.3mV 

• High Open Loop Gain.128dB 

• Channel Separation at 10kHz.IIOdB 

• Low Noise Voltage at 1 kHz.3.4nV/VHz 

• High Output Current.56mA 

• Low Supply Current per Amplifier.8mA 

Applications 

• Precision Test Systems 

• Active Filtering 

• Small Signal Video 

• Accurate Signal Processing 

• RF Signal Conditioning 


Description 

The HA-5221/5222 are single and dual high performance 
dielectrically isolated, monolithic op amps, featuring preci¬ 
sion DC characteristics while providing excellent AC charac¬ 
teristics. Designed for audio, video, and other demanding 
applications, noise (3.4nV/VHz at 1kHz), total harmonic dis¬ 
tortion (< O.CX)5%), and DC errors are kept to a minimum. 

The precision performance is shown by low offset voltage 
(0.3mV), low bias currents (40nA), low offset currents 
(15nA), and high open loop gain (128dB). The combination 
of these excellent DC characteristics with the fast settling 
time (0.4ps) make the HA-5221/5222 ideally suited for preci¬ 
sion signal conditioning. 

The unique design of the HA-5221/5222 gives them out¬ 
standing AC characteristics not normally associated with 
precision op amps, high unity gain bandwidth (35MHz) and 
high slew rate (35V/|j.s). Other key specifications Include 
high CMRR (95dB) and high PSRR (lOOdB). The combina¬ 
tion of these specifications will allow the HA-5221/5222 to be 
used in RF signal conditioning as well as video amplifiers. 

For MIL-STD-883C compliant product and Ceramic LCC 
packaging, consult the HA-5221/5222/883C data sheet. 


Pinouts (See Ordering Information on Next Page) 


HA-5221 (PDiP, CDiP, SOIC) 
TOP VIEW 


HA-5221 (TO-99 METAL CAN) 
TOP VIEW 




HA-5222 (PDIP, 300 mil SOIC) 
TOP VIEW 



HA-5222 (CDIP) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 _ -q* 


File Number 2915.1 














HA-5221. HA-5222 
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Specifications HA-5221, HA-5222 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Supply Voltage Between V+ and V- Terminals.35V Operating Temperature Range 


Differential Input Voltage (Note 14).5V 

Output Current Short Circuit Duration.. Indefinite 


HA-5221/5222-9 .-40°C :S Ta +85°C 

HA-5221/5222-5.0°C < Ta < +75°C 


Junction Temperature.+175°C Storage Temperature Range...-65°C ^ Ta ^ +150°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300^C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the qoerational sections of this specificatbn is not implied. 


Electrical Specifications v+ r: i sv, v- -i sv, unless otherwise Specified 



TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 4) 


Common Mode Rejection Ratio 
(Note 5) 


Unity Gain Bandwidth (-3dB) 
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Specifications HA-5221, HA-5222 


Electrical Specifications V+ = ISV, V- = -15V, unless otherwise specified (Continued) 



Gain Bandwidth Product 
(1kHz to 400kHz) 


Minimum Stable Gain 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


Rl = 333Q 

Full 

RL=1kn 

+25°C 

Rl= IkG 

Full 

Output Current (Note 6) 

Full 

Output Resistance 

+25°C 

Full Power Bandwidth (Note 7) 

+25°C 

Channel Separation (Note 8) 

+25°C 

TRANSIENT RESPONSE (Note 13) 

Slew Rate (Note 9, 15) 

Full 

Rise Time (Note 10,15) 

Full 

Overshoot (Note 10,15) 

Full 

Settling Time (Note 11) 


0.1% 

+25°C 

0.01% 

+25°C 

1 POWER SUPPLY 

PSRR (Note 12) 

Full 

Supply Current 

Full 



dB 


mA/Op Amp 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions is not necessarily implied. 

2. Refer to typical performance curve In data sheet. 

3. Avcl = 10, fo = 1 kHz, Vo = SVrms, Rl = 6000,10Hz to 100kHz, Minimum resolution of test equipment is 0.005%. 

4. VouT = 0 to ±1OV, Rl = 1K, Cl = 50pF. 

5. VcM = ±10V. 

6. VouT = ±10V. 

Slew Rate 

7. Full Power Bandwidth is calculated by: FPBW = -, V ^ 

8. HA-5222 only, fo = 10kHz, Rl = 1K, Cl = 50pF. 

9., VouT = ±2.5V, Rl = 1K, Cl = 50pF. 

10. VouT = ±1 OOmV, Rl = 1K, Cl = 50pF. 

11. Settling time is specified for a 10V step and Ay = -1. 

12. Vs = ±10Vto±20V. 

13. See Test Circuits. 

14. Input Is protected by back-to-back zener diodes. See applications section. 

15. Guaranteed by characterization. 
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Schematic Diagram 





HA-5221, HA-5222 



-i-IOOmV 


+2.5V 


-t-IOOmV 


•lOOmV 


Die Characteristics 


Transistor Count 

HA-5221. 

HA-5222. 

Die Dimensions 
HA-5221. 


.94x72x 19mils 

(2400 X 1840 x480^m) 

. 185 X 78 X 19mils 

(4690 X 1980 x480^m) 


Substrate Potential*. 

Process . 

Passivation. 


High Frequency, Bipolar, Dl 


Thermal Constants (°CA/V) 0ja 0jc 

HA2-5221 (Can). Ill 35 

HA7-5221 (Ceramic DIP). 114 34 

HA7-5222 (Ceramic DIP). 112 32 

HA3-5221 (Plastic DIP). 92 30 

HA9P5221 (SOIC). 157 42 

HA3-5222 (Plastic DIP). 85 23 

HA9P5222 (SOIC). 95 26 

* The substrate may be left floating (Insulating Die Mount) or it may 
be on a conductor at V- potential. 


Test Circuits 


FIGURE 1. TRANSIENT RESPONSE TEST CIRCUIT 


FIGURE 2. LARGE SIGNAL RESPONSE 

Vqut = ±2-5V 

Vertical Scale: 2V/div., Horizontal Scale: 200ns/div. 


FIGURE 3. SMALL SIGNAL RESPONSE 

VouT = ±100mV 

Vertical Scale: 100mV/div., Horizontal Scale: 200ns/div. 


• Feedback and summing resistors must 
be matched (0.1%). 

• HP5082-2810 clipping diodes recom¬ 
mended. 

• Tektronix P6201 FET probe used at 
settling point. 


FIGURE 4. SETTLING TIME TEST CIRCUIT 
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PHASE MARGIN (DEGREES) PHASE MARGIN (DEGREES) 
























(NORMAUZED 



-60 -40 -20 
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TEMPERATURE (®C) 


FIGURE 13. BIAS CURRENT vs TEMPERATURE 

4 Representative Units 
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-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (®C) 

FIGURE 14. OUTPUT VOLTAGE SWING vs TEMPERATURE 


>0 -40 -20 


20 40 60 80 100 120 


TEMPERATURE (®C) 


FIGURE 15. SLEW RATE VS TEMPERATURE 


TIME AFTER POWER UP (MINUTES) 

FIGURE 16. OFFSET VOLTAGE WARM-UP DRIFT 

Ceramic DIP Packages 
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OFFSET CURRENT (nA) O PEAK OUTPUT VOLTAGE SWING (V) SUPPLY CURRENT PER AMPURER (mA) 


HA-5221, HA-5222 
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CURRENT NOISE (pA/VHz) 






















































PEAK OUTPUT VOLTAGE (V) 


HA-5221, HA-5222 
Typical Performance Curves Vs = ±i sv. =+25°c (continued) 
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FIGURE 23. BANDWIDTH AND PHASE MARGIN vs LOAD 
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FIGURE 25. 0.1Hz TO 10Hz NOISE 

Vertical Scale: ImV/dIv Horizontal Scale: 1 S/dIv 
Av = +25,000 (En = 0.168nVp.p RTI) 


Av = +1. Rl = IK, Cl = 15pF, THD ^ 0.01% 
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FIGURE 27. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 24. SHORT CIRCUIT OUTPUT CURRENT vs TIME 
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FIGURE 26. 0.1Hz TO 1MHz 

Vertical Scale: 10mV/div Horizontal Scale: 1 S/div 
Av = +25,000 (En = 1.5nVp.p RTI) 
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FIGURE 28. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
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HA-5221, HA-5222 



Applications Information 

Operation at Various Supply Voltages 

The HA-5221/5222 operates over a wide range of supply 
voltages with little variation in performance. The supplies 
may be varied from ±5 volts to ±15 volts. See typical perfor¬ 
mance curves for variations in supply current, slew rate and 
output voltage swing. 

Offset Adjustment 

The following diagram shows the offset voltage adjustment 
configuration for the HA-5221. By moving the potentiometer 
wiper towards pin 8 (+BAL), the op amps output voltage will 
increase; towards pin 1 (-BAL) decreases the output voltage. 
A 20kO trim pot will allow an offset voltage adjustment of 
about lOmV. 



Saturation Recovery 

When an op amp is over driven, output devices can saturate 
and sometimes take a long time to recover. By clamping the 
input, output saturation can be avoided. If output saturation 
can not be avoided, the maximum recovery time when over¬ 
driven into the positive rail is 10.6^s. When driven into the 
negative rail the maximum recovery time is 3.8ps. 

Input Protection 

The HA-5221/5222 has built in back-to-back protection 
diodes which limit the maximum allowable differential input 
voltage to approximately 5 volts, if the HA-5221/5222 will be 
used in circuits where the maximum differential voltage may 
be exceeded, then current limiting resistors must be used. 
The Input current should be limited to a maximum of 10mA. 



Capacitive Loading Considerations 

When driving capacitive loads >80pF, a small resistor, 50 to 
100U should be connected in series with the output and 
inside the feedback loop. 


PC Board Layout Guidelines 

When designing with the HA-5221 or the HA-5222, good 
high frequency (RF) techniques should be used when build¬ 
ing a RC. board. Use of ground plane is recommended. 
Power supply decoupling is very important. A 0.01 ^if to 
0.1 ^F high quality ceramic capacitor at each power supply 
pin with a 2.2^F to lO^iF tantalum close by will provide excel¬ 
lent decoupling. Chip capacitors produce the best results 
due to ease of placement next to the op amp and basically 
no lead inductance, if leaded capacitors are used, the leads 
should be kept as short as possible to minimize lead induc¬ 
tance. 
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ha ™© HA5232, HA5234 


PRELIMINARY 

March 1993 


Features 

• Low Offset Voltage.200)iV (Max) 

• Low Offset Drift.2^lV/®C 

• Low Supply Current.<0.7mA/Amp 

• High Gain, CMRR and PSRR 

Applications 

• Audio Amplifiers 

• Low Impedance Sensors 

• Universal Active Filters 

• Process Control Equipment 

Ordering Information 

PART TEMPERATURE 

NUMBER _ RANGE _ PACKAGE _ 

HA5232IJ -40°C to +85°C 8 Lead Ceramic DIP 

HA5232IP -40°C to +85°C 8 Lead Plastic DIP 

HA5232IB -40°C to +85*^C 16 Lead Wide Body SOIC 

HA5232AIJ -40°C to +85^0 8 Lead Ceramic DIP 

HA5232AIP ~ -40°C to +85°C 8 Lead Plastic DIP 

HA5232AIB -40°C to +85°C 16 Lead Wide Body SOIC 

HA5234IJ -40°C to +85°C 14 Lead Ceramic DIP 

HA5234IP -40°C to +85°C 14 Lead Plastic DIP 

HA5234IB -40°C to 4-85°C 16 Lead Wide Body SOIC 

HA5234AIJ -40°C to+85°C 14 Lead Ceramic DIP 

HA5234AIP -40°C to +85°C 14 Lead Plastic DIP 

HA5234A1B -40°C to +85°C 16 Lead Wide Body SOIC 


Precision Dual and Quad 
Operational Amplifiers 


Description 

The HA5232 and HA5234 are dual and quad precision 
bipolar-input op amps. They are intended for use in 
multichannel data acquisition systems where moderate to 
high level of accuracy is required. This relatively high level of 
accuracy Is maintained across temperature with an Average 
Offset Drift of 2pV/®C for the “A” grade product. 

The HA5232 and HA5234 were designed to offer a solution/ 
enhancement over lower performance devices like the 
HA-4741 and CA324. These products will allow the designer 
to achieve a relatively high level of precision in his 
transducer preamp without concern for offset trimming. 
These devices are pin and performance compatible with the 
OP200, OP400, LT1013 and LT1014 operational amplifiers. 

Applications will be in process control and environment 
monitoring where many low impedance sensors such as 
thermocouples, thermistors, strain gauges, and pressure 
transducers are used to assess the state of the system. 
Other systems with similar requirements include mainframe 
computers, aircraft, and semiconductor fab and test 
equipment. 

The HA5232 and HA5234 are available in industrial 
temperature ranges, and a choice of packages. For SOIC in 
tape and reel please add suffix “96” to the end of the part 
number. 



Pinouts 


HA5232 (PDIP, CDIP) 
TOP VIEW 



HA5232 (300 MIL SOIC) 
TOP VIEW 


lIlNC 

hInc 

Hvcc 

ilNC 

i3nc 

-i 30 UT 2 

TInc 


HA5234 (PDIP) 
HA5234 (CDIP) 
TOP VIEW 


■0OUT1 OUTim 


HA5234 (300 MIL SOIC) 
TOP VIEW 


- OUT4 OUT1 [T 

.i3-IN4 -INI [I 

ii|»» 

i: +IN2[5 

4N2E 

■9]-IN3 OUI^E 

-Il0UT3 ncIT 


■ la OUT4 
■Ti|-IN4 

-+IN4 
IVee 
" iH +IN3 
rii]4N3 

■ OUT3 

Unc 


NOTE: The functional pinouts will comply to the JEDEC standards for dual and quad op amps as shown above 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA5232, HA5234 


Absolute Maximum Ratings 


Operating Temperature Ranges 


Voltage Between V+ and V-.SSV HA5232!, HA5234I... -40®C ^ TA ^ +85°C 

Input Voltage. Vsupply Storage Temperature Range.-65®C ^ TA ^ +150°C 

Differential Input Voltage. Vsupply 

Output Current.Short Circuit Protected 

Junction Temperature (Plastic).+150®C 

Junction Temperature (Hermetic).+175®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the dewce. This b a stress only rating and operation 
of Uie device at these or any other conditions above those indicated in the operational sections of thb specification b not implied. 


Electrical Specifications Vsupply = SV. Rl = 10OkO. Cl ^ 20pF, Unless otherwise Specified 


Offset Voltage 


Average Offset Drift 


Input Bias Current 


Input Offset Current 


Common Mode Range 


CMRR (Note 1) 


Input Capacitance 


input Noise Voltage 



Input Noise Current 


Large Signal Gain (Note 2) 


Unity Gain Bandwidth 


Minimum Stable Gain 


Slew Rate (Note 3) 


PSRR (Note 4) 


1. Vcm = ±12V 


3. Rl = 2K, Cl = lOOpF, Vqut = ±10V, Ay = +1 

4. IVsU3Vto18V 
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RIC^ fRID 


R2D^ ^ R2C 


\ QP27A ^ 
IqP27B 


|QP9A ^QP9B 


R13 CAP2 


L QP7^S—p-t^OPS 



[ I— 4- CQN3 


QN4> 

Jqnia Jqnib 
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QN2bI 

n S 
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H - --— 

DZ2 
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J J J 

iQP18 SqN44 RqP 45 f 
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HA5232, HA5234 







HA5232 


Die Characteristics 

DIE DIMENSIONS: 

87 X 105 X 21 ± Imils 

METALLIZATION: 

Type: Al 

Thickness: 19kA±4kA 

GLASSIVATION: 

Type: Silox (Si02) 

Thickness: 13.5kA ± 2kA 

DIE ATTACH: 

Material: Silver Epoxy - Plastic DIP and SOIC 
Glass - Ceramic DIP 

Metallization Mask Layout 

HA5232 

V+ 


OUT2 


-I-IN2 


V- 
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HA5234 


Die Characteristics 

DIE DIMENSIONS: 

114x157x21±1mils 

METALLIZATION: 

Type: Al 

Thickness: 19kA±4kA 

GLASSIVATION: 

Type: Silox (SiOj) 

Thickness: 13.5kA±2kA 

DIE ATTACH: 

Material: Silver Epoxy - Plastic DIP and SOIC 
Glass - Ceramic DIP 


Metaiiization Mask Layout 



2-597 


OPERATIONAL 

AMPLIFIERS 










































S E M I C ON D U C T O R 


HFA-0001 


March 1993 


Ultra High Slew Rate 
Operational Amplifier 


Features 

• Unity Gain Bandwidth. 

• Fuii Power Bandwidth. 

• High Slew Rate. 

• High Output Drive. 

• Monolithic Construction 

Applications 

• RF/IF Processors 

• Video Amplifiers 

• High Speed Cable Drivers 

• Pulse Amplifiers 

• High Speed Communications 

• Fast Data Acquisition Systems 

Ordering Information 


. 350MHz 
.. 53MHz 
1000V/^S 
... ±50mA 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HFA1-0001-5 

0°C to +75°C 

14 Lead Ceramic Sidebraze DIP 

HFA1-0001-9 

-40®C to +85°C 

14 Lead Ceramic Sidebraze DIP 

HFA3-0001-5 

0°C to +75°C 

8 Lead Plastic DIP 

HFA3-0001-9 

-40OCto+85°C 

8 Lead Plastic DIP 

HFA9P0001-5 

0°C to +75®C 

16LeadWidebody SOIC 


Description 

The HFA>0001 is an all bipolar op amp featuring high slew 
rate (1000V/|is), and high unity gain bandwidth (350MHz). 
These features combined with fast settling time (25ns) make 
this product very useful in high speed data acquisition 
systems as well as RF. video, and pulse amplifier designs. 
Other outstanding characteristics include low bias currents 
(15pA), low offset current (18pA), and low offset voltage 
(6mV). 

The HFA-0001 offers high performance at low cost. It can 
replace hybrids and RF transistor amplifiers, simplifying 
designs while providing increased reliability due to 
monolithic construction. To enhance the ease of design, the 
HFA-0001 has a 50Q ±20% resistor connected from the 
output of the op amp to a separate pin. This can be used 
when driving 50Q strip line, microstrip, or coax cable. 

For MlL-STD-883 compliant product consult the HFA-0001/ 
883 datasheet. 


Pinouts 


HFA-0001 
(PDIP) 
TOP VIEW 


HFA-0001 
(CDIP) 
TOP VIEW 


HFA-0001 
(300 MIL SOiC) 
TOP VIEW 


JLl Rsense 
7] v+ 

T| OUT 
"si NC 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper t.C. Handling Procedures. 
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Specifications HFA-0001 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Supply Voltage (Between V+ and V- Terminals).12V Operating Temperature Range 

Differential Input Voltage.5V HFA-0001-9. 

Input Voltage.±4V HFA-0001 -5. 

Output Current.60mA Storage Temperature Range. 

Junction Temperature (Note 9).+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +5V, V- = -5V, Unless Otherwise Specified 


I HFA-0001-9 

MiN 


INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


.-40°C^Ta^+85°C 
.. 0°C^Ta<+75°C 
-65°C^TaS+150°C 


only rating and operation 


Common Mode Range 


Differential Input Resistance 


input Capacitance 


Input Noise Voltage 0.1 Hz to 10Hz 

10Hz to 1MHz 


input Noise Voltage fo = 10Hz 

fo= 100Hz 
fo = 100kHz 


Input Noise Current fo = 10Hz 

fo = 100Hz 
fo = 1000Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 2) 


Common Mode Rejection Ratio (Note 3) 


Unity Gain Bandwidth 


Minimum Stable Gain 



dB 


dB 


MHz 


V/V 
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Specifications HFA-0001 


Electrical Specifications V+ = +5V, V- = -5V, Unless Otherwise Specified (Continued) 


PARAMETER 


OUTPUT CHARACTERISTICS 


Output Voltage Swing Ri 


Full Power Bandwidth (Note 5) 


Output Resistance, Open Loop 


Output Current 


TRANSIENT RESPONSE 


Rise Time (Note 4,6) 


Slew Rate (Note 4,7) Ri 


Settling Time (3V Step) 0.1 % 


Overshoot (Note 4,6) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio (Note 8) 


NOTES: 

1. Absolute Maximum Ratings are limiting values applied individually beyond which the serviceability of the circuit may be Impaired. 
Functional operation under any of these conditions is not necessarily implied. 

2. VouT=0to±2V, RL = 1kO. 

3. AVcm = ±2V. 

4. Rl= 1000. SlewRate 

5. Full Power Bandwidth is calculated by equation: FPBW = ——-»^PEAK ” 3-0V. 

6. VouT = ±200mV,Av = +1. ^^''PEAK 

7. Vout = ±3V,Av = +1. 

8. AVs = ±4V to ±6V. 

9. See Thermal Constants In ‘Applications Information’ text. Maximum power dissipation, Including output load, must be designed to 
maintain the junction temperature below +175°C for hermetic packages, and below +150°C for plastic packages. 


Die Characteristics 

Thermal Constants (°C/W) Gj^ Gj, 

HFA1-0001-5/-9 75 V< 

HFA3-0001-5 98 3f 

HFA9P-0001-5/-9 96 21 
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HFA-OOOI 


Test Circuits 


FIGURE 1. LARGE SIGNAL RESPONSE TEST CIRCUIT 


FIGURE 2. SMALL SIGNAL RESPONSE TEST CIRCUIT 


LARGE SIGNAL RESPONSE 


Vertical Scale: 1V/Div. 
Horizontal Scale: 2ns/Div. 


SMALL SIGNAL RESPONSE 

Vqut = to 200mV 
Vertical Scale: 100mV/Div. 
Horizontal Scale: 2ns/Div. 
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NOTE: Initial Step In Output Is Due To Fixture Feedthrough 


PROPAGATION DELAY 

Vertical Scale: 500mV/Div. 
Horizontal Scale: 2ns/Div. 

Av = +1. Rl = 100O, VouT = OV to 3V 


I. ' W^W^I^IW wtWPwir, -r 1 


i V 

1 .. J _! , 1 .g 

..L ... 1 


FIGURES. SETTLING TIME SCHEMATIC 


NOTE: Test Fixture Delay of 450ps Is Included 
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RISE TIME (ps) 


HFA-0001 
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PHASE MARGIN (DEGREES) PHASE MARGIN (DEGREES) 



















HFA-0001 



-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (®C) 

FIGURE 14. OPEN LOOP GAIN vs TEMPERATURE 


-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (®C) 

FIGURE 15. OUTPUT VOLTAGE SWING vs TEMPERATURE 
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HFA-0001 


Typical Performance Curves Vg = ±5V. T. = +25®C, unless otherwise Specified (Continued) 


Av«-f1,R|.3l00a 

Vout»±3V 


0 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (<’C) 

FIGURE 16. SLEW RATE VS TEMPERATURE 


■■BBSS&SSlilHIlHB 

s&^sspbbI 
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-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (®C) 

FIGURE 17. CMRR vs TEMPERATURE 


AVs»±4VTO±6V 


IlliSiillS^lllllllll 


40 -20 0 20 40 60 80 100 120 

TEMPERATURE (®C) 

FIGURE 18. PSRR VS TEMPERATURE 


SUPPLY VOLTAGE (±V) 

FIGURE 19. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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NOISE VOLTAGE (nV/>/Hz) g OUTPUT VOLTAGE SWING (V) 


HFA-0001 




10 


10K 


7 
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5 S 
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oc 


2 K 


100 IK 

FREQUENCY (Hz) 

FIGURE 24. INPUT NOISE VS FREQUENCY 


0 

100K 



I IK 10K 

FREQUENCY (Hz) 

FIGURE 25. INPUT NOISE vs FREQUENCY 


100K 





FIGURE 26. INPUT VOLTAGE NOISE 0.1Hz to 10Hz FIGURE 27. INPUT NOISE VOLTAGE 10Hz to 1MHz 

Av = 50, Noise Voltage = 1.605nVrms (RTI) Ay = 50, Noise Voltage = 5.36nVrms (RTI) 

Noise Voltage = 10.12)iVp.p Noise Voltage = 29.88nVp.p 


NOISE CURRENT (pA/VHz) 














HFA-0001 


Applications Information 

Offset Adjustment 

When applications require the offset voltage to be as low as 
possible, the figure below shows two possible schemes for 
adjusting offset voltage. 

For a voltage follower application, use the circuit in Figure 29 
without R 2 and with R| shorted. Ri should be 1MQ to lOMO. 
The adjustment resistors will cause only a very small gain 


integral 50Q ±20% resistor connected to the op amps output 
with the other end of the resistor pinned out. This 50Q resis¬ 
tor can be used as the series resistor instead of an external 
resistor. 


500 COAX CABLE 




Adjustment Range 




FIGURE 28. INVERTING GAIN 



Adjustment Range 


■“fi) 


PC board traces can be made to look like a 50Q or 75C2 
transmission line, called microstrip. Microstrip is a PC board 
trace with a ground plane directly beneath, on the opposite 
side of the board, as shown in Figure 31. 



GROUND 

PLANE 


DIELECTRIC 
(PC BOARD) 


FIGURE 29. NON-INVERTING GAIN 
PC Board Layout Guidelines 

When designing with the HFA-0001, good high frequency 
(RF) techniques should be used when making a PC board. A 
massive ground plane should be used to maintain a low 
impedance ground. Proper shielding and use of short 
interconnection leads are also very Important. 

To achieve maximum high frequency performance, the use 
of low impedance transmission lines with Impedance 
matching is recommended: 50i2 lines are common in 
communications and 75Q lines in video systems, impedance 
matching is important to minimize reflected energy therefore 
minimizing transmitted signal distortion. This is accom¬ 
plished by using a series matching resistor (500 or 750), 
matched transmission line (500 or 750), and a matched 
terminating resistor, as shown in Figure 30. Note that there 
will be a 6dB loss from input to output. The HFA-0001 has an 


When manufacturing pc boards, the trace width can be 
calculated based on a number of variables. The following 
equation is reasonably accurate for calculating the proper 
trace width for a 500 transmission line. 

^ 87 , , 5.98h 

^ /p A 1 Ai 0.8w +1 


Power supply decoupling is essential for high frequency op 
amps. A 0.01 pF high quality ceramic capacitor at each 
supply pin in parallel with a IpF tantalum capacitor will 
provide excellent decoupling as shown in Figure 32. 



FIGURE 32. POWER SUPPLY DECOUPLING 
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HFA-0001 



Thermal Management 

The HFA-0001 can sink and source a large amount of 
current making it very useful in many applications. Care 
must be taken not to exceed the power handling capability of 
the part to insure proper performance and maintain high 
reliability. The following graph shows the maximum power 
handling capability of the HFA-0001 without exceeding the 
maximum allowable junction temperature of +175°C. The 
curves also show the improved power handling capability 
when heatsinks are used based on AVVID heatsink #58018 
for the 8 lead Plastic DIP and lERC heatsink #PEP50AB for 
the 14 lead SIdebraze DIP. These curves are based on 
natural convection. Forced air will greatly improve the power 
dissipation capabilities of a heatsink. 


FIGURE 33. IMPROVED DECOUPLING/CURRENT LIMITING 

Chip capacitors produce the best results due to ease of 
placement next to the op amp and they have negligible lead 
inductance. If leaded capacitors are used, the leads should 
be kept as short as possible to minimize lead inductance. 
Figures 32 and 33 illustrate two different decoupling 
schemes. Figure 33 improves the PSRR because the 
resistor and capacitors create low pass filters. Note that the 
supply current will create a voltage drop across the resistor. 

Saturation Recovery 

When an op amp is over driven output devices can saturate 
and sometimes take a long time to recover. By clamping the 
input to safe levels, output saturation can be avoided. If out¬ 
put saturation cannot be avoided, the recovery time from 
25% over-drive is 20ns and 30ns from 50% over-drive. 



AMBIENT TEMPERATURE ^C) 


2-607 


OPERATIONAL 

AMPLIFIERS 















SEMICONDUCTOR 


HFA‘0002 


March 1993 


Low Noise Wideband 
Operational Amplifier 


Features 

• Wide Gain Bandwidth Product.. 

• High Slew Rate. 

• High Open Loop Gain. 

• Low Off set Voitage. 

• Low Power Consumption. 

• Low Input Voltage Noise at 1kHz 

• Monolithic Construction 

Applications 

• RF/IF Processors 

• Video Ampiifiers 

• Radar Systems 

• Pulse Amplifiers 

• High Speed Communications 

• Fast Data Acquisition Systems 


Description 

_1GHz The HFA-0002 is a very wideband, high slew rate, op amp, 

featuring precision DC characteristics. Stable in gains of 10 
• - 5 /ps greater this all bipolar op amp offers a combination of AC 
. 105V/mV and DC performance never seen before in monolithic form. 

_0.6mV The high gain bandwidth product (1GHz) and high slew rate 

(250V/|is) make this op amp ideal for use in video and RF 
...143mW circuits. The low offset voltage (0.6mV), low bias current 
2.7nV/VFiz (0.23pA), and low voltage noise (2.7nV/VHz) specifications 
combined with the excellent AC characteristics make this op 
amp ideal for high speed data acquisition systems with high 
accuracy. 

For MIL-STD-883 compliant product and Ceramic LCC pack¬ 
age consult the HFA-0002/883 datasheet. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HFA2-0002-5 

0°C to +75°C 

8 Pin CAN 

HFA2-0002-9 

-40°C to +85°C 

8 Pin CAN 

HFA3-0002-5 

0°C to +75°C 

8 Lead Plastic DIP 

HFA3-0002-9 

-40°C to +850C 

8 Lead Plastic DIP 

HFA7-0002-5 

0°C to +75°C 

8 Lead Ceramic Sidebraze DIP 

HFA7-0002-9 

-40°C to +85°C 

8 Lead Ceramic Sidebraze DiP 

HFA9P0002-5 

0°C to +75°C 

8 Lead SOIC 

HFA9P0002-9 

-40°C to +85®C 

8 Lead SOIC 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HFA-0002 


Absolute Maximum Ratings (Note i) Operating Conditions 

Supply Voltage Between V+ and V-Termlnals.12V Operating Temperature Range : 

Differential Input Voltage.5V HFA-0002-9.-40°C ^ Ta ^ +85°C 

Input Voltage.±5V HFA-0002-5 . 0°C < Ta < +75°C 

Output Current.±20mA Storage Temperature Range.-65°C ^ Ta < 150°C 

Junction Temperature (Note 10).+175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V-r- +5V, V- = >5V, Unless otherwise Specified 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Common Mode Range 


Differential Input Resistance 


Input Capacitance 


Input Noise Voltage 
0.1 Hz to 10Hz 


10Hz to 1MHz 


se Voltage 
OHz 


fo= 100Hz 


fo = 1000Hz 


Input Noise Current 
fo = 10Hz 


0 = 100Hz 


fo= 1000Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 2,4) 


Common Mode Rejection Ratio (Note 3) 


Gain Bandwidth Product 
fo=1MHz 


Minimum Stable Gain 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 4) 


Full Power Bandwidth (Note 5) 


Output Resistance, Open Loop 


Output Current 



Full 

80 

+25°C 

100 

Full 

90 




CM 
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Specifications HFA-0002 


Electrical Specifications V+ » +5V. V- -SV, Unless otherwise Specified (Continued) 


PARAMETER 


TRANSIENT RESPONSE 


Rise Time (Note 4,6) 


Slew Rate (Note 4,7,9) 


Settling Time (Note 4,7) 


Overshoot (Note 4,6) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio (Note 8) 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions is not necessarily implied. 

2. Vout = ±3V. 

3. AVcm = ±2V. 

4. Rl = 5K,Cl = 20pF. 

^ ^ Slew Rate 

5. Full Power Bandwidth is guaranteed by equation: FPBW = -, ^peak ~ 

6. VouT = ±100mV, Av = +10. 

7. Vout = ±3V,Av = +10. 

8. AVs = ±4Vto±6V. 

9. This parameter is not tested. This limit is guaranteed based on characterization and reflects lot to lot variation. 

10. See Thermal Constants in “Applications Information” section. Maximum power dissipation, including output load, must be designed to 
maintain the junction temperature below +175°C for hermetic packages, and below +150®C for plastic packages. 



Die Characteristics 

Thermal Constants (°C/W) 

CAN. 

PDIP. 

CDIP. 

SOIC. 
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Test Circuits 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 


lOmV 


LARGE SIGNAL RESPONSE 

Input: 0.2V/DIV. Output: 2V/Dlv. 
Horizontal Scale: 20ns/Div. 


SMALL SIGNAL RESPONSE 
Input: lOmV/Div. Output: lOOmV/DIv. 


Feedback and summing resistors must be 
matched (0.1%) 

HP5082-2810 clipping diodes recommended 
Tektronix P6201 FET probe used at settling point 


FIGURE 3. SETTLING TIME SCHEMATIC 
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CMRR(dB) PSRR(dB) t, GAIN (dB) 


HFA-0002 


Typical Performance Curves Vs = ± 5 v, t* = +25°c, unless otherwise specined 
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IGURE 4. OPEN LOOP GAIN AND PHASE vs FREQUENCY 
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FIGURE 5. CLOSED LOOP GAIN vs FREQUENCY 
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FIGURE 6. PSRR vs FREQUENCY 
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FIGURE 7. CLOSED LOOP GAIN vs FREQUENCY 
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FIGURE 8. CMRR vs FREQUENCY 


FIGURE 9. SLEW RATE vs TEMPERATURE 
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PEAK OUTPUT VOLTAGE SWING (V) _ SUPPLY CURRENT fmA^ CMRR(dB) 


HFA-0002 


Typical Performance Curves Vs = ±5V. Ta = +25‘>C, umess otherwise specified (Continued) 


VcM»0to±3V 


-40 -20 0 20 40 60 80 100 120 

TEMPERATURE (®C) 

FIGURE 16. CMRR vs TEMPERATURE 


^Vs = ±4Vto±6V 


imiuiiiiiiiiiiii 

■■■■aSEaumnnii: 


-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (®C) 

FIGURE 17. PSRR vs TEMPERATURE 



1M 10M 100M IQ 

FREQUENCY (Hz) 

FIGURE 20. OUTPUT VOLTAGE SWING vs FREQUENCY 


10 100 IK 10 

LOAD RESISTANCE (Q) 

FIGURE 21. OPEN LOOP GAIN vs LOAD RESISTANCE 
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FREQUENCY (Hz) FREQUENCY (Hz) 

FIGURE 24. INPUT NOISE vs FREQUENCY FIGURE 25. INPUT NOISE vs FREQUENCY 



FIGURE 26. INPUT NOISE VOLTAGE FIGURE 27. INPUT NOISE VOLTAGE 

0.1Hzto10Hz lOHztolMHz 

Ay = 25,000, Noise Voltage = 3.31 oVr^s (RTI) Ay = 500, Noise Voltage = 2.02 )iVrms (RTI) 
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Applications Information 

Offset Voltage Adjustment 

The HFA-0002, due to its low offset voltage, will typically not 
require any external offset adjustment. If certain applications 
do require lower offset, the following diagram shows one 
possible configuration. 


+5V 



FIGURE 29. 


The power supply lines must be well decoupled to filter any 
power supply noise. A 20K trim pot will allow an offset 
adjustment of about 3mV, referred to Input. 

PC Board Layout Guidelines 

When designing with the HFA-0002, good high frequency 
(RF) techniques should be used when doing pc board 
layouts. A massive ground plane should be used to maintain 
a low impedance ground. PC board traces should be kept as 
short as possible and kept wide to minimize trace inductance 
and impedance. Stray capacitance at the op amps output 
and at the high impedance inputs should be kept to a 
minimum, to prevent any unwanted phase shift and band¬ 
width limiting. 


When breadboarding remember to keep feedback resistor 
values low (^k£2) for optimum performance. The use of 
metal film resistors for values over 200Q and carbon film 
resistors under 200G typically gives the best performance. 
Remember to keep all lead lengths as short as possible to 
minimize lead inductance. 

Sockets will add parasitic capacitance and inductance and 
therefore can limit AC performance as well as reduce 
stability, if sockets must be used, a low profile socket with 
minimum pin to pin capacitance will minimize any perfor¬ 
mance degradation. 

Power supply decoupling is essential for high frequency op 
amps. A 0.01 pF high quality ceramic capacitor at each 
supply pin in parallel with a IpF tantalum capacitor will pro¬ 
vide excellent decoupling. Chip capacitors produce the best 
results due to the ease of placement next to the op amp and 
they have negligible lead Inductance. If leaded capacitors 
are used, again the lead lengths should be kept to a 
minimum. 

Saturation Recovery 

When an op amp is over driven output devices can saturate 
and sometime take a long time to recover. By clamping the 
input to safe levels, output saturation can be avoided. If 
output saturation cannot be avoided, the recovery time for an 
input sine wave at 25% overdrive is 100ns. 
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Features 

• Unity Gain Bandwidth. 300MHz 

• Full Power Bandwidth.22MHz 

• High Slew Rate.420V/)X8 

• High Output Drive.±50mA 

• Monolithic Bipolar Construction 

Applications 

• RF/IF Processors 

• Video Amplifiers 

• Radar Systems 

• Pulse Amplifiers 

• High Speed Communications 

• Fast Data Acquisition Systems 

Ordering Information 


High Slew Rate 
Operational Amplifier 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HFA2-0005-5 

0°C to +75°C 

8 Pin Can 

HFA2-0005-9 

-40°C to +85°C 

8 Pin Can 

HFA3-0005-5 

0°C to +75°C 

8 Lead Plastic DIP 

HFA3-0005-9 

-40°C to +85°C 

8 Lead Plastic DIP 

HFA7-0005-5 

0°C to +75°C 

8 Lead Ceramic Sidebraze DIP 

HFA7-0005-9 

-40°C to +85°C 

8 Lead Ceramic Sidebraze DIP 

HFA9P0005-5 

0°C to +75°C 

8 Lead SOIC 

HFA9P0005-9 

-40°Cto+85°C 

8 Lead SOIC 


Description 

The HFA-0005 is an all bipolar op amp featuring high slew 
rate (420V/^s), and high unity gain bandwidth (300MHz). 
These features combined with fast settling time (20ns) make 
this product very useful in high speed data acquisition 
systems as well as RF, video, and pulse amplifier designs. 

Other outstanding characteristics include low bias currents 
(15pA), low offset current (6p.A), and low offset voltage 
(6mV). These high performance characteristics are achieved 
with only 40mA of supply current. 

The HFA-0005 offers high performance at low cost. It can 
replace hybrids and RF transistor amplifiers, simplifying 
designs while providing increased reliability due to 
monolithic construction. To enhance the ease of design, the 
HFA-0005 has a 500 ±20% resistor connected from the 
output of the op amp to a separate pin. This can be used 
when driving 500 strip line, microstrip, or coax cable. 

For MIL-STD-883 compliant product consult the HFA-0005/ 
883 datasheet. 



Pinouts 


HFA-0005 (PDIP, CDIP, SOIC) 
TOP VIEW 


HFA-0005 (TO-99 METAL CAN) 
TOP VIEW 


-§J PSENSE 

T] V+ 
j] OUT 
H NC 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper t.C. Handling Procedures. 
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Specifications HFA-0005 


Absolute Maximum Ratings (Note i) Operating Conditions 

Voltage Between V+ and V- Terminals.12V Operating Temperature Range 

Differential Input Voltage.. 5V HFA-0005-9.-40°C ^ Ta ^ +85°C 

Input Voltage.±4V HFA-0005-5 . 0°C Ta ^ +75°C 

Output Current...±60mA Storage Temperature Range.-65°C ^ Ta < +150°C 

Junction Temperature.+175°C 

Junction Temperature (Plastic Packages).+150®C 

Lead Temperature (Soldering 10 Sec.). 300*^0 

CAUTION: Stresses abow those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +5V. V- >5V, unless otherwise Specified 


PARAMETERS 


INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Offset Current 


Common Mode Range 


Differential input Resistance 


input Capacitance 


input Noise Voltage 
0.1 Hz to 10Hz 


10Hz to 1MHz 


Input Noise Voltage 
fo = 10Hz 


fo = 100Hz 


fo = 100kHz 


Input Noise Current 
fo * 10Hz 


fo*= 100Hz 


= 1000Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 2) 


Common Mode Rejection Ratio (Note 3) 


Unity Gain Bandwidth 


Minimum Stable Gain 


OUTPUT CHARACTERISTICS 



Full Power Bandwidth (Note 5) 


Output Resistance, Open Loop 


Output Current 
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Test Circuits 


FIGURE 1. LARGE SIGNAL RESPONSE TEST CIRCUIT 


FIGURE 2. SMALL SIGNAL RESPONSE TEST CIRCUIT 


LARGE SIGNAL RESPONSE 

VouT = 0to3V 

Vertical Scale: IV/DIv. Horizontal Scale: 5ns/Dlv. 


SMALL SIGNAL RESPONSE 

VouT = 0 to 200mV 

Vertical Scale: 100mV/Dlv. Horizontal Scale: 2ns/Dlv. 


200mV 


200mV 

VoUT 


NOTE: Initial step In output Is due to fixture feedthrough 


PROPAGATION DELAY 

Vertical Scale: 500mV/Dlv. Horizontal Scale: 5ns/Dlv. 
Ay = +1, Rl = 1 kO, Vqut = 0 to 3V 


^SETTLE 


100G 


FIGURES. SETTLING TIME SCHEMATIC 


NOTE: Test fixture delay of 450ps Is Included 
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HFA-0005 
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FIGURE 7. CLOSED LOOP GAIN vs FREQUENCY 
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FIGURE 8. CMRR vs FREQUENCY 


FIGURE 9. PSRR vs FREQUENCY 
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TEMPERATURE (®C) 

FIGURE 14. OUTPUT VOLTAGE SWING vs TEMPERATURE 
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TEMPERATURE(C) 


FIGURE 15. SLEW RATE VS TEMPERATURE 
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HFA-0005 
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NOISE VOLTAGE (^iV/VlIz) O OUTPUT VOLTAGE SWING (V) 


HFA-0005 
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FIGURE 26. INPUT NOISE VOLTAGE 

Av = 50, Noise Voltage = 1.646 hVri^s (RTI) 


FIGURE 27. INPUT NOISE VOLTAGE 

Av = 50, Noise Voltage = 5.568 ^Vrms (RTI) 
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HFA-0005 


Applications Information 

Offset Adjustment 

When applications require the offset voltage to be as low as 
possible, the figure below shows two possible schemes for 
adjusting offset voltage. 




Adjustment Range = ±V (^) Gain = 1 + ( 


R, + Rg 


minimizing transmitted signal distortion. This Is 
accomplished by using a series matching resistor (500 or 
750). matched transmission line (500 or 750), and a 
matched terminating resistor, as shown in Figure 30. Note 
that there will be a 6dB loss from input to output. The 
HFA-0005 has an integral 500 ±20% resistor connected to 
the op amp’s output with the other end of the resistor pinned 
out. This 500 resistor can be used as the series resistor 
instead of an external resistor. 


son COAX CABLE 


Adjustment Range = ±V ( — ) 

FIGURE 28. INVERTING GAIN 

For a voltage follower application, use the circuit in Figure 29 
without R 2 and with R| shorted. R^ should then be 1 MO to 
10MO, so the adjustment resistors will cause only a very 
small gain error. 



PC board traces can be made to look like a 500 or 750 
transmission line, called microstrip. Microstrip is a PC board 
trace with a ground plane directly beneath, on the opposite 
side of the board, as shown in Figure 31. 


FIGURE 29. NON-INVERTING GAIN 
PC Board Layout Guidelines 

When designing with the HFA-0005, good high frequency 
(RF) techniques should be used when making a PC board. A 
massive ground plane should be used to maintain a low 
Impedance ground. Proper shielding and use of short 
interconnection leads are also very important. 

To achieve maximum high frequency performance, the use 
of low impedance transmission lines with impedance 
matching Is recommended: 50Q lines are common in 
communications and 75Q lines in video systems. Impedance 
matching is Important to minimize reflected energy therefore 



GROUND 

PLANE 


DIELECTRIC 
(PC BOARD) 


When manufacturing pc boards the trace width can be calcu¬ 
lated based on a number of variables. 

The following equation is reasonably accurate for calculating 
the proper trace width for a 50i2 transmission line. 


87 . . 5.98h V 

- p In ( - )Q 

/Ep, + 1.41 0.8w+t 
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HFA^OOS 


Power supply decoupling is essential for high frequency op 
amps. A 0.01 pF high quality ceramic capacitor at each 
supply pin in parallel with a IpF tantalum capacitor will 
provide excellent decoupling. Chip capacitors produce the 
best results due to ease of placement next to the op amp 
and they have negligible lead inductance. If leaded capaci¬ 
tors are used, the leads should be kept as short as possible 
to minimize lead inductance. The figures that follow illustrate 
two different decoupling schemes. Figure 33 improves the 
PSRR because the resistor and capacitors create low pass 
filters. Note that the supply current will create a voltage drop 
across the resistor. 



V- 


FIGURE32. 


V+ 



FIGURE 33. 

Saturation Recovery 

When an op amp is over driven output devices can saturate 
and sometimes take a long time to recover. By clamping the 
input to safe levels, output saturation can be avoided. If out¬ 
put saturation cannot be avoided, the recovery time from 
25% overdrive is 20ns and 30ns from 50% overdrive. 
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Features 

• Low Distortion (30MHz).-56dBc 

• -3dB Bandwidth.850MHz 

• Very Fast Slew Rate.2300V/|iS 

• Fast Settling Time (0.1%).11ns 

• Excellent Gain Flatness 

- (100MHz).0.14dB 

- (50MHz).,0.04dB 

. (30MHz).0.01 dB 

• High Output Current.60mA 

• Overdrive Recovery.<10ns 

Applications 

• Video Switching and Routing 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• RF/IF Signal Processing 

• Flash A/D Driver 

• Medical Imaging Systems 


Description 

The HFA1100, 1120 are a family of high-speed, wideband, fast 
settling current feedback amplifiers. Built with Harris' proprietary 
complementary bipolar UHF-1 process, these devices are the fastest 
monolithic amplifiers available from any semiconductor manufacturer. 

The two devices, available In 8-pin CERDIP, PDIP, and SOIC pack¬ 
ages, have similar performance, but each offers separate features. 

The HFA1100 Is a basic op amp with uncommitted pins 1, 5, and 8. 
The HFA1120 includes inverting input bias current adjust pins (pins 1 
and 5) for adjusting the output offset voltage. 

These devices offer a significant performance improvement over the 
AD811, AD9617/18, the CLC400-409, and the EL2070, EL2073, 
EL2030. 

For Military grade product refer to the HFA1100/883, HFA1120/883 
data sheet. 


Ordering information 

PART NUMBER 
HFA1100MJ, HFA1120MJ/883 
HFA1100IJ, HFA1120IJ 
HFA1100IP,HFA1120IP 
HFA1100IB, HFA1120IB 
HFA1100Y, HFA1120Y 


OPERATING 
TEMP RANGE 

-55**C to +125*^C 
-40°C to +85^0 
-40°C to +85°C 
-40*>C to +85°C 
-40°C to +85°C 


PRODUCT 

DESCRIPTION 

8 Lead Ceramic DIP 
8 Lead Ceramic DIP 
8 Lead Plastic DIP 
8 Lead SOIC 
Die 



Pinouts 


HFA1100 

(PDIP, CDIP, SOIC) 
TOP VIEW 



HFA1120 

(PDIP, CDIP, SOIC) 
TOP VIEW 


BAL 1 

Li B 

1 NC 

-IN 


|V+ 

-i-IN 

II 

OUT 

v-l 

F m 

1 BAL 


The Op Amps With Fastest Edges 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HFA1100, HFA1120 


Absolute Maximum Ratings 


Voltage Between V+ and V-.12V 

Common Mode Voltage. Vsupply 

Differential Input Voltage.5V 

Output Current (50% Duty Cycle).60mA 

Junction Temperature.+i75®C 

Junction Temperature (Plastic Package).+150°C 


Operating Conditions 

HFA11001, HFA11201.-40°C ^ T^ ^ +85°a 

Storage Temperature Range.-65°C +150°C 

Thermal Package Characteristics (°C/W) Oja 0jc 

Ceramic DIP Package. 116 36 


Plastic DIP Package. 98 36 

SOIC Package. 158 43 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the opemUonai sections of Uiis specification is not implied. 



Electrical Characteristics Vsupply = ±5V, A^ = h-I . Rp 51 OD, Rl 10OO, Unless otherwise Specified 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage * 


Input Offset Voltage Drift 


Vk) CMRR(AVcm = ±2V) 


Vk) PSRR(AVs = ±1.25V) 


Non-Inv. Input Bias Current (+IN = OV) * 


+Ibias Drift 


+Ibias DMS (AVcm = ±2V) 


Inv. Input Bias Current (-IN = OV) * 


bias Drift 


-Ib,asCMS(AVcm = ±2V) 



-Ibias Ad]. Range (HFA1120) 


Non-Inv. Input Resistance 


Inv. Input Resistance 


input Capacitance (either input) 


Input Common Mode Range 


Input Voltage Noise (100kHz) * 


+lnput Current Noise (100kHz) * 


-Input Current Noise (100kHz) * 


'See Typical Performance Curves for more Information. 


mV 


mV 








































































































































Specifications HFA1100, HFA1120 


Electrical Characteristics Vsupply = ±5V, Ay = +1 , = Sioa Rl = looa unless otherwise specified (Continued) 



TRANSFER CHARACTERISTICS Ay = +2, Unless Otherwise Specified 


Open Loop Transimpedance 


-3dB Bandwidth (Vqut = 0.2Vp.p. Ay = +1) * 


-3dB Bandwidth (Vqut = 0.2Vp.p, Ay = +2, Rp = 360Q) 


Gain Flatness (to 100MHz) * 


Gain Ratness (to 50MHz) 


Gain Flatness (to 30MHz) 


Linear Phase Deviation (DC to 100MHz) * 


Differential Gain (NTSC, Rl = 75Q) 


Differential Phase (NTSC, Rl = 75Q) 


Minimum Stable Gain 


OUTPUT CHARACTERISTICS Ay = +2, Unless Otherwise Specified 


Output Voltage (Ay = -1) * 


Output Current (Rl = 50Q, Ay = -1) 


DC Closed Loop Output Impedance 


2nd Harmonic Distortion (30MHz, Vqut = 2Vp.p) * 


3rd Harmonic Distortion (30MHz, Vqut = 2Vp.p) * 


3rd Order Intercept (100MHz) * 


IdB Compression (100MHz) 


TRANSIENT RESPONSE Ay = +2, Unless Otherwise Specified 


Rise Time (Vqut = 2.0V Step) 


Overshoot (Vqut = 2.0V Step) * 


Slew Rate (Ay = +1, Vqut = 5Vp.p) 


Slew Rate (Ay = +2, Vqut = 5Vp^) 


0.1% Settling (Vqut = 2V to OV) * 


0.2% Settling (Vqut = 2V to OV) * 


Overdrive Recovery Time (2X Overdrive) 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 


Supply Current * 


*See Typical Performance Curves for more Information. 



2-629 


OPERATIONAL 

AMPLIFIERS 









































































































































HFA1100, HFA1120 


Application information 

optimum Feedback Resistor (Rp) 

The enclosed plots of inverting and non-inverting frequency 
response detail the performance of the HFA1100/1120 in 
various gains. Although the bandwidth dependency on Aql 
isn’t as severe as that of a voltage feedback amplifier, there 
is an appreciable decrease in bandwidth at higher gains. 
This decrease can be minimized by taking advantage of the 
current feedback (CFB) amplifier’s unique property of band¬ 
width dependency on Rp. All current feedback amplifiers 
require a feedback resistor, even for unity gain applications 
The Rp, in conjunction with the internal compensation 
capacitor, sets the dominant pole of the frequency response. 
Thus, the amplifier’s bandwidth is inversely proportional to 
Rp. The HFA1100, 1120 designs are optimized for a 5100 
Rp, at a gain of +1. Decreasing Rp in a unity gain application 
decreases stability, leading to excessive peaking and over¬ 
shoot. At higher gains the amplifier is more stable, so Rp can 
be decreased in a trade-off of bandwidth vs. stability. The 
table below lists recommended Rp values for various gains, 
and the expected bandwidth. 


Act 

Rf(Q) 

BW (MHz) 

+1 

510 

850 

-1 

430 

580 

+2 

360 

670 

+5 

150 

520 

+10 

180 

240 

+19 

270 

125 


Offset Adjustment 

The HFA1120 allows for adjustment of the inverting input 
bias current to null the output offset voltage. -Ibias ^^ows 
through Rp, so any change in bias current forces a 
corresponding change in output voltage. The amount of 
adjustment Is a function of Rp . With Rp = 5100, the typical 
adjust range is ±100mV. For offset adjustment connect a 
10KO potentiometer between pins 1 and 5 with the wiper 
connected to V-. 

Use of Die in Hybrid Appiications 

These amplifiers are designed with compensation to negate 
the package parasitics that typically lead to instabilities. As a 
result, the use of die in hybrid applications results In over¬ 
compensated performance due to lower parasitic capaci¬ 
tances. Reducing Rp below the recommended values for 
packaged units will solve the problem. For Ay = +2 the rec¬ 
ommended starting point is 3CX)Q, while unity gain applica¬ 
tions should try 400Q. 

PC Board Layout 

The frequency performance of these amplifiers depends a 
great deal on the amount of care taken in designing the PC 
board. The use of low inductance components such as 
chip resistors and chip capacitors is strongiy recom¬ 
mended, while a solid ground plane Is a must! 


Attention should be given to decoupling the power supplies. 
A large value (lOpF) tantalum in parallel with a small value 
chip (0.1 pF) capacitor works well In most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 

Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting Input. The larger this 
capacitance, the worse the gain peaking, resulting in pulse 
overshoot and possible instability. To this end, it is recom¬ 
mended that the ground plane be removed under traces con¬ 
nected to pin 2, and connections to pin 2 should be kept as 
short as possible. 

An example of a good high frequency layout is the Evalua¬ 
tion Board shown below. 

Evaluation Board 

An evaluation board is available for the HFA1100. Please 
contact your local sales office for information. 

The layout and schematic of the board are shown below: 



TOP LAYOUT 



o O 


• • 








HFA1100, HFA1120 


Die Characteristics 

DIE DIMENSIONS: 

63x44x 19± Imils 
1600^lm X 1130^im ±25.4p.m 

METALLIZATION: 

Type; Metal 1: AlCu (2®/o)/TiW Type; Metal 2; AlCu (2%) 

Thickness; Metal 1; 8kA ± 0.4kA Thickness; Metal 2; 16kA ± O.SkA 

GLASSIVATION: 

Type; Nitride 
Thickness; 4kA ± O.SkA 

DIE ATTACH: 

Material; Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 

WORST CASE CURRENT DENSITY: 

0.909x10® A/cm^ 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 


HFA1100, HFA1120 


50070R X 


M 


L S0070R1 


2-631 


OPERATIONAL 

AMPLIFIERS 








HFA1100, HFA1120 



PHASE (DEGREES) 




















































2-633 


OPERATIONAL 

AMPLIFIERS 











































HFA1100, HFA1120 



2-634 





























HFA1100, HFA1120 


Typical Performanco Curves Vsupply = ±5V, Rp = 510 a = +25°C, Rl = 100 a unless otherwise specified. (Continued) 


360 400 440 480 520 560 600 640 680 

FEEDBACK RESISTOR (Q) 

FIGURE 19. OVERSHOOT vs FEEDBACK RESISTOR 

(A^ = +2, tr = 2(X)ps, Vqut == 2Vpp) 


5 6 7 8 9 

TOTAL SUPPLY VOLTAGE (V+ - V-, V) 

FIGURE 21. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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FIGURE 20. SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 22. Vk) AND BIAS CURRENTS vs TEMPERATURE 


CM 
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TEMPERATURE (®C) 

FIGURE 23. OUTPUT VOLTAGE vs TEMPERATURE 

(Av = -1,Rl = 50Q) 
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HFA1105, HFA1106 
HFA1135, HFA1145 

High-Speed, Low Power, Current 
Feedback Operational Amplifiers 


Features 

• Wide-3dB Bandwidth.350MHz 

• Very Fast Slew Rate.ISOOV/us 

• Low Supply Current (HFA1105/06/45).<6mA 

• Supply Current (HFA1135).<7mA 

• Short Circuit Protected 


• Compensation Pin Available - HFA1106 

• Programmable Output Voltage Clamps - HFA1135 

• Output Enable / Disable - HFA1145 

Applications 

• High Resolution Monitors 

• Professional Video Processing 

• Medical imaging 

• Video Digitizing Boards/Systems 

• Heads Up Displays and Simulators 

• Radar/IF Processing 

• Hand Held and Miniaturized RF Equipment 

• Battery Powered Communications 

• Flash Converter Drivers 

• High Speed Pulse Amplifiers 


Description 

The HFA1105. HFA1106. HFA1135. and HFA1145 are wide 
bandwidth, high speed, low power current feedback opera¬ 
tional amplifiers built In Harris’s proprietary complementary 
bipolar UHF-1 process. 

The HFA1105 comes in a standard op amp pinout. The 
HFA1106 features a compensation pin for bandwidth limiting 
or external clamping applications. The HFA1135 features 
adjustable negative and positive output voltage clamps via 
pins 5 and 8. The HFA1145 features a TTL/CMOS compatible 
disable control, pin 8. that when pulled low, reduces the sup¬ 
ply current and puts the output into a high impedance state. 

The devices offer Improved performance over the CLC406. 
CLC409, CLC420, CLC502, EL2070. AD9617, and AD9618. 

See the “Ordering Information” section below for package 
and temperature options. For military grade product, please 
refer to the HFA1105/883, HFA1106/883, HFA1135/883, 
HFA1145/883 datasheet. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HFA1105IJ, HFA1106IJ 
HFA1135IJ, HFA1145IJ 

-40°C to +85°C 

8 Lead Ceramic DIP 

HFA11051P, HFA1106IP 
HFA1135IP, HFA1145IP 

-40®C to +85°C 

8 Lead Plastic DIP 

HFA1105IB, HFA1106IB 
HFA1135IB, HFA1146IB 

-40®C to +85®C 

8 Lead SOIC 


Pinouts 


HFA1105 

(PDIP, CDIP, SOIC) 
TOP VIEW 


HFA1106 

(PDIP, CDIP, SOIC) 
TOP VIEW 


HFA1135 

(PDIP, CDIP, SOIC) 
TOP VIEW 


HFA1135 

(PDIP, CDIP, SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. pjlg isjymber 3395 
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Features 

• Wide -3dB Bandwidth. 750MHz 

• Very Fast Slew Rate. 1300V/|is 

• Fast Settling Tlnie (0.2%).7ns 

• High Output Current.60mA 

• Fixed Gain of-i-l 

• Gain Flatness (100MHz).0.03dB 

• Differential Phase. 0.025 deg. 

• Differential Gain. 0.04% 

• 3rd Harmonic Distortion (50MHz).-80dBc 

• 3rd Order Intercept (100MHz).30dBm 

Applications 

• Video Switching and Routing 

• RF/IF Processors 

• Driving Flash A/D Converters 

• High-Speed Communications 

• Impedance Transformation 

• Line Driving 

• Radar Systems 


750MHz Low Distortion 
Unity Gain, Closed Loop Buffer 


Description 

The HFA1110 is a unity gain closed loop buffer that achieves 
-3dB bandwidth of 750MHz, while offering exceiient video 
performance and iow distortion. Manufactured on Harris’ 
proprietary complementary bipolar UHF-1 process, the 
HFA1110 also offers very fast slew rate, and high output cur¬ 
rent. it is one more example of Harris’ intent to enhance its 
leadership position in products for high speed signal pro¬ 
cessing applications. 

The HFA1110’s settling time of 11ns to 0.1%, low distortion 
and ability to drive capacitive loads make it an ideal flash 
A/D driver. 

The HFA1110 is an enhanced, pin compatible upgrade for 
the AD9620. AD9630, CLC110, EL2072, BUF600 and 
BUF601. 

For buffer applications requiring a standard op amp pinout, 
or selectable gain (-1, +1, +2), see the HFA1112 datasheet, 
for output clamping see the HFA1113 datasheet. 

For military grade product please refer to the HFA1110/883 
datasheet. 


Ordering Information 


PART 

NUMBER 

HFA1110MJ/883 

HFA1110IJ 

HFA1110IP 

HFA1110IB 

HFA1110Y 


OPERATING 
TEMP. RANGE 


PRODUCT 

DESCRIPTION 


-55®C to +125°C 8 Lead Ceramic DIP 


-40°C to +85®C 
-40®C to +85®C 
-40°C to +85®C 
-40°C to +85®C 


8 Lead Ceramic DIP 
8 Lead Plastic DIP 
8LeadSOIC 
DIE 



Pinout 

HFA1110 

(PDIP,CDIP,SOIC 
TOP VIEW 

) 

V+ |T 

r—4 

T] OUT 

OPTV+ |T 

fA 

3 NC 

NC |T 

i_r 

3 OPTV- 

T1 w 

IN [T 


v- 


Pin Descriptions 


PIN 

NUMBER 



DESCRIPTION 


Positive Supply 


Optional Positive Supply 


No Connection 


Input 


Negative Supply 


Optional Negative Supply 


No Connection 


Output 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HFA1110 


Absolute Maximum Ratings 


Operating Conditions 



Voltage Between V-r and V-. 

.... 12V 

operating Temperature Range 



DC Input Voltage... 

• Vsupply 

HFA1110I. 

...-40°C^Ta 

^+85°C 

Differential Input Voltage... 

.5V 

Storage Temperature. 

..-65®C^Ta^+150®C 

Output Current.. 

.. .60mA 

Thermal Resistance (°C/W) 

®ia 

^jc 

Lead Temperature (Soldering 10 Sec.). 

. +300°C 

Ceramic DIP Package. 

116 

36 

Junction Temperature. 

. +175®C 

Plastic DIP Package. 

98 

36 

Junction Temperature (Piastic Package). 

. +150°C 

SOIC Package. 

158 

43 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation I 

1 of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 



Electrical Characteristics Vsupply == ±5 V, r,. ^ 

100Q, Unless Otherwise Specified 




PARAMETER 


INPUT CHARACTERISTICS 


Output Offset Voltage* 


Output Offset Voltage Drift 


PSRR 


Input Voltage Noise (100kHz)* 


Input Current Noise (100kHz)* 


Input Bias Current* 


Non-Inv. Input Resistance 


Input Capacitance 


TRANSFER CHARACTERISTICS 


Gain (Vqut = 2Vp.p) 


DC Non-Linearity (±2V Full Scale)* 


OUTPUT CHARACTERISTICS 


Output Voltage* 


Output Current (Rl = 50fl)* 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 


Supply Current* 
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HFA1110 


Application Information 

PC Board Layout 

The frequency performance of this amplifier depends a great 
deal on the amount of care taken in designing the PC board. 

The use of low inductance components such as chip 
resistors and chip capacitors Is strongly recommended, 
while a solid ground plane Is a must! 

Attention should be given to decoupling the power supplies. 
A large value (lOpF) tantalum in parallel with a small value 
chip (0.1 pF) capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations, in most cases, the oscillation can be 
avoided by placing a resistor (Rs) in series with the output. 
See the “Recommended Rs vs Load Capacitance” graph for 
specific recommendations. 

An example of a good high frequency layout Is the Evalua¬ 
tion Board shown below. 

Evaluation Board 

An evaluation board is available for the HFA1110. Please 
contact your local sales office for Information. 

The layout and schematic of the board are shown here: 




BOTTOM LAYOUT 


HARRIS SEMICONDUCTOR 
HFnine 

EUflLURTION FIXTURE 


-4 


-5U 6ND 


TOP LAYOUT 
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Die Characteristics 

DIE DIMENSIONS: 

63 x44x 19± 1mils 
1600^im X 1130^lm ±25.4|im 

METALLIZATION: 

Type: Metal 1: AICu(2®/^/TiW Type: Metal 2: AICu(2%) 

Thickness: Metal 1: 8kA ± 0.4kA Thickness: Metal 2: 16kA ± O.SkA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA± O.SkA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 

WORST CASE CURRENT DENSITY: 

0.909 X 10® A/cm^ 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 

HFA1110 


NC 



OUT 
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GAIN(dB) . . i. GAIN(dB) OUTPUT VOLTAGE (mV) 


HFA1110 


Typical Performance Curves Vsupply=±5v, =+25°c, Rl= looa unless otherwise specified. 




Sns/Div 

FIGURE 1. SMALL SIGNAL PULSE RESPONSE 


Sns/Div 

FIGURE 2. LARGE SIGNAL PULSE RESPONSE 
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FREQUENCY (Hz) 

FIGURE 3. FORWARD GAIN AND PHASE 
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FIGURE 5. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 
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FIGURE 4. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 



TEMPERATURE C*C) 

FIGURE 6. -3dB BANDWIDTH VS TEMPERATURE 


PHASE (DEGREES) 






































DISTORTION (dBc) 


HFA1110 


Typical Performance Curves Vsupply= ±5v, = +25°c, Rl = iooq. unless otherwise specified. (Continued) 


HHIIIIIIIHI 

■■IIIIIIHI 


■IIIIIIIH 

HimillllHi 

■ 

IllllllVi 


■IIIIIIIM 

HniiiiiiiHi 

■IIIIIIIH 

iilWRIIIIIH 

MMliRllllHMi 

■IIIH 

liiSSIIIiai 

HiHllllllHi 

■IIIIIIIH 

^HHIlilllHI 

■IIIIIIIH 

IHHIlilliiHi 

■ 

IIIIIIHI 
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FIGURE 7. GAIN FLATNESS 
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FIGURE 9. REVERSE GAIN AND PHASE 


p -0.5 

I .1.0 

-1.5 
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FREQUENCY (Hz) 

FIGURE 8. DEVIATION FROM LINEAR PHASE 
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FREQUENCY (MHz) 

FIGURE 10. 2-TONE, 3RD ORDER INTERMODULATION 
INTERCEPT 
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OUTPUT POWER (dBm) 

FIGURE 11. 2nd HARMONIC DISTORTION vs Pqut 
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FIGURE 12 . 3rd HARMONIC DISTORTION VS Pout 


2-643 


OPERATIONAL 

AMPLIFIERS 















SUPPLY CURRENT (mA) OVERSHOOT (%) SETTUNG ERROR (%) 


HFA1110 
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OUTPUT VOLTAGE (V) BIAS CURRENT (^A) 


HFA1110 


Typical Performance Curves Vsupply=± 5v, Ta =+25°c, Rl =looa unless otherwise specified. (Continued) 
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FIGURE 19. BIAS CURRENT VS TEMPERATURE 
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TEMPERATURE (^’C) 

FIGURE 21. OUTPUT VOLTAGE V8 TEMPERATURE 
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FIGURE 22. INPUT NOISE vs FREQUENCY 
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Features 

• Wlde-3dB Bandwidth. 850MHz 

• Very Fast Slew Rate (Ay s +2). 2050V/|x8 

• Fast Settling Time (0.1%).11ns 

• High Output Current.60mA 

• Excellent Gain Accuracy.. 0.99V/V 

« User Programmable For Closed-Loop Gains of -i-l, -1 
or +2 Without Use of External Resistors 

• Standard Operational Amplifier Pinout 

Applications 

• RFAF Processors 

• Driving Flash A/D Converters 

• High-Speed Communications 

• Impedance Transformation 

• Line Driving 

• Video Switching and Routing 

• Radar Systems 


Description 

The HFA1112 is a closed loop current feedback buffer 
amplifier that achieves a high degree of gain accuracy, wide 
bandwidth, and low distortion. Manufactured on the Harris 
proprietary complementary bipolar UHF-1 process, the 
HFA1112 also offers very fast slew rate, excellent gain 
flatness, and high output current. 

A unique feature of the circuit pinout allows for voltage gains 
of +1, +2, and -1, while maintaining compatibility with the 
standard op amp pinout (see Pinout). By leaving pin 2 open 
and applying the input to pin 3, the circuit defaults to the 
standard gain of +1. Grounding pin 2 and applying the input 
to pin 3, results in a gain of +2. Finally, by using pin 2 as an 
input and grounding pin 3, a gain of -1 can be achieved. 

The HFA1112 offers performance and functionality advan¬ 
tages over the AD9620, AD9630, CLC110, and EL2072. 

For standard buffer pinout applications see HFA1110 datasheet. 

The device is available in 8-pin CERDIP, PDIP, and SOIC 
packages. 

For military grade product, refer to the HFA1112/883 
datasheet. 


Ordering Information 


PART 

NUMBER 

HFA1112MJ/883 

HFA1112IJ 

HFA1112IP 

HFA1112IB 


TEMPERATURE 

RANGE _ PACKAGE 

-56°C to +125°C 8 Lead Ceramic DIP 


-40°C to +85*^C 
-40°C to +85®C 
-40°Cto+85°C 


8 Lead Ceramic DIP 
8 Lead Plastic DIP 
8 Lead SOIC 


Pin Descriptions 


PIN 

NUMBER 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 o a a a 


DESCRIPTION 


No Connection 


Inverting Input 


Non-Inverting input 


Negative Supply 


Output 


Positive Supply 
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Specifications HFA1112 


Absolute Maximum Ratings 


Voltage Between V+ and V-.12V 

Input Voltage. Vsupply 

Differential Input Voltage.5V 

Output Current.60mA 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.).-t-SOO^C 


Operating Conditions 


Operating Temperature Range 

HFA11121.-40®C ^ Ta ^ +85®C 

Storage Temperature.-65®C ^ Ta ^ +150°C 

Thermal Package Characteristics (®C/W) Oja 0jc 

Ceramic DIP Package. 116 36 

Plastic DIP Package. 98 36 

SOIC Package. 158 43 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectricai Characteristics Vsupply = ±5V, A^ = +1, Rl = looo, Unless otherwise Specified 




HFA1112I 


PARAMETER 

TEMP. 

MIN 

1 typ I 

MAX 

UNITS 


INPUT CHARACTERISTICS 


Output Offset Voltage 


Output Offset Voltage Drift 


Input Voltage Noise (100kHz) 



-i-Input Current Noise (100kHz) 


Non-inv. Input Bias Current 


Non-Inv. Input Resistance 


Inv. Input Resistance 


Input Capacitance (Either Input) 


Input Common Mode Range 


TRANSFER CHARACTERISTICS 


Gain (Av =+1, V,n =+2V) 

+25®C 

0.980 

0.990 

- 

v/v 

Full 

0.975 

- 

- 

WN 

Gain (Av = +2, V,n=:+1V) 

+25®C 

1.96 

1.98 

- 

yN 

Full 

1.95 

- 

- 

WN 

DC Non-Linearity (Ay = +2, ±2V Full Scale) 

+25°C 

- 

0.02 

- 

% 


OUTPUT CHARACTERISTICS 


Output Voltage (Ay = -1 ) 

+25°C 


3.3 

- 

±V 

Full 

2.7 

3.0 

- 

±v 

Output Current (Rl = 500) 

+25^C, +85°C 

50 

60 

- 

mA 

-40°C 

35 

50 

- 

mA 

DC Closed Loop Output Impedance 

+25°C 

- 

0.1 

- 

Q 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 


Supply Current 









































































































































Specifications HFA1112 


Electrical Characteristics Vsupply = Ay = +i , = looa unless otherwise Specified (Continued) 


2nd Harnnonic Distortion (50MHz, Vqut = 2Vp.p) 


3rd Harmonic Distortion (50MHz, Vqut = 2Vp.p) 



3rd Order Intercept (100MHz) 


IdB Compression (100MHz, = +2) 


Rise Time (Vqut = 0-5V Step) 


Overshoot (Vqut = 0.5V Step) 


0.1% Settling (Vqut == 2V to OV) 


0.05% Settling (Vqut = 2V to OV) 


Overdrive Recovery Time (V|n = 5Vp.p) 


Differential Gain 


Differential Phase 


Av = +2,3.58MHz, 
Rl=150G 


Av = +1,3.58MHz, 
Rl=150Q 

Av = +2,3.58MHz, 
R. =150Q 


Connections 


DESIRED 

GAIN 


CONNECTION 


Float -IN (pin 2). Apply Signal to +IN (pin 3). 
Ground -IN. Apply Signal to +IN. 

Ground +IN. Apply Signal to -IN. 


Application Hints 

The frequency performance of the HFA1112 can depend a great 
deal on the amount of care taken In designing the PC board. 

Attention should be given to decoupling the power supplies. 
A large value (5pF) tantalum in parallel with a small value 
chip (0.1 pF) capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. The 
use of low inductance components such as chip 
resistors and chip capacitors is strongly recommended. 
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Die Characteristics 

DIE DIMENSIONS: 

63 x 44x19±1mils 
1600^lm X 1 130|im ±25.4(im 

METALLIZATION: 

Type: Metal 1: AlCu (2%)/TiW Type: Metal 2: AlCu (2%) 

Thickness: Metal 1: 8kA ± 0.4kA Thickness: Metal 2: 16kA ± O.SkA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± O.SkA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 

WORST CASE CURRENT DENSITY: 

0.909 x10®A/cm2 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metaliization Mask Layout 
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S21 MAGNITUDE (dB) NORMAUZEO 


HFA1112 


Typical Performance Curves Vsupply=± 5 v, Av=+ 2 , =+25®c, umess otherwise specified 



2n«fiDIV 2n8A}IV 

FIGURE 1. SMALL SIGNAL PULSE RESPONSE FIGURE 2. LARGE SIGNAL PULSE RESPONSE 



FREQUENCY (Hz) 

FIGURE 3. FORWARD GAIN FIGURE 4. FORWARD PHASE 




FIGURES. INTEGRAL LINEARITY ERROR 






SEMICONDUCTOR 


HFA1113 


March 1993 


Features 

• User Programmable Output Voltage Clamp 

• Wide -3dB Bandwidth. 850MHz 

• Very Fast Slew Rate (Ay »*l■2). 2050V/)X8 

• Fast Settling Time (0.1%).line 

• High Output Current.60mA 

• Excellent Gain Accuracy. 0.99VA^ 

• User Programmable For Closed-Loop Gains of -i-l, -1 
or +2 Without Use of External Resistors 

• Overdrive Recovery.<1 ns 

• Standard Operational Amplifier Pinout 


Applications 

• RF/IF Processors 

• Driving Flash A/D Converters 

• High-Speed Communications 

• Impedance Transformation 

• Line Driving 

• Video Switching and Routing 

• Radar Systems 

• Medical Imaging Systems 


High-Speed, Output Clamping 
Closed Loop Buffer 


Description 

The HFA1113 is a high speed closed loop Buffer featuring 
both user programmable gain and output clamping. Manu¬ 
factured on Harris’ proprietary complementary bipolar UHF- 
1 process, the HFA1113 also offers a wide -3dB bandwidth 
of 850MHz, very fast slew rate, excellent gain flatness, low 
distortion and high output current. 

This buffer is the ideal choice for high frequency applications 
requiring output limiting, especially those needing ultra fast 
overload recovery times. The output clamp allows the 
designer to set the maximum positive and negative output lev¬ 
els, thereby protecting later stages from damage or input satu¬ 
ration. The HFA1113 also allows for voltage gains of +2, +1, 
and -1, without the use of external resistors. By leaving pin 2 
open and applying the input to pin 3, the circuit defaults to the 
standard gain of +1. Grounding pin 2, and applying the input 
to pin 3, results in a gain of +2. Finally, by using pin 2 as an 
input and grounding pin 3, a gain of -1 can be achieved. 

Compatibility with existing op amp pinouts provides flexibility to 
upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the std pinout provides an upgrade 
path, should a higher closed loop gain be needed at a future 
date. For Military product, refer to the HFA1113/883 data sheet. 


Ordering Information 


PART 

NUMBER 

HFA1113MJ/883 


OPERATING 
TEMP. RANGE 


PRODUCT 

DESCRIPTION 


-55°Cto+125°C 8 Lead Ceramic DIP 


•40°C to +85°C 


8 Lead Ceramic DIP 


-40°Cto+85°C 8 Lead Plastic DIP 



-40®C to +85°C 


8 Lead SOIC 


Pinout 


Pin Descriptions 


HFA1113 

(PDIP, CDIP,SOIC) 
TOP VIEW 



PIN 

NUMBER 



DESCRIPTION 


No Connection 


Inverting Input 


Non-Inverting Input 


Negative Supply 


Lower Output Limit 


Output 


Positive Supply 


Upper Output Umit 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HFA1113 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V-. 

.12V 

HFA1113I.. 

...-40°CST*S+85°C 

DC Input Voltage. 


Storage Temperature. 

. .-65“CSTaS+150“C 

Differential Input Voltage. 

.5V 

Thermal Resistance (®C/W) 

®JA 0JC 

Output Current. 

.60mA 

Ceramic DIP Package. 

116 36 

Junction Temperature. 

. +175®C 

Plastic DIP Package. 

98 36 

Junction Temperature (Plastic Package). 

. +150°C 

SOIC Package. 

158 43 

Lead Temperature (Soldering 10 sec.). 

. +300®C 



CAUTION: Stresses above those listed in "Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 

of tee device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 



Electrical Specifications Vsupply ^ = +1, 100a unless otherwise Specified 


HFA1113I 

PARAMETER TEMP. MIN I TYP 


INPUT CHARACTERISTICS 


Output Offset Voltage 


Output Offset Voltage Drift 


PSRR 


Input Voltage Noise (100kHz) 


-f-input Current Noise (100kHz) 


Non-lnv. Input Bias Current 


Non-Inv. input Resistance 


TRANSFER CHARACTERISTICS 


Gain (Av = +1, V|n = +2V) 


Gain(Av = +2,V,N = +1V) 


DC Non-Linearity (Ay, = +2, ±2V Full Scale) 


OUTPUT CHARACTERISTICS 


Output Voltage (Ay = -1) 


Output Current (Rj, = 500) 


DC Closed Loop Output Impedance 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 


Supply Current 



Inv. Input Resistance 

+25°C 

240 

300 

Input Capacitance (Either Input) 

+25°C 

- 

2 

Input Common Mode Range 

Full 

2.5 

2.8 








































































































































Specifications HFA1113 


Electrical Specifications Vsupply = Av = +1 , r,. = iooa unless otherwise Specified (Continued) 


HFA1113I 

PARAMETER TEMP. MIN I TYP 


AC CHARACTERISTICS 


~3dB Bendwldth (Vqut “ 0.2Vp.p) Ay = -1 


Full Power BW (5Vp.p, Av = +2) 


Gain Flatness (to 200MHz, Ay = +2) 


Gain Flatness (to 30MHz, Ay = +2) 


2nd Harmonic Distortion (50MHz, Vqut = 2Vp.p) 


3rd Harmonic Distortion (50MHz, Vqut = 2Vp4j) 


3rd Order Intercept (100MHz) 


IdB Compression (100MHz, Ay = +2) 


Rise Time (Vqut = 0-5V Step) i 



Overshoot (Vqut = 0-5V Step) 


0.1% Settling (Vqut = 2V to OV) 

0.05% Settling (Vqut == 2V to OV) 

Differential Gain 

Av = +1,3.58MHz, 
Rl=150O 


Ays +2,3.58MHz, 
Rl*150Q 

Differential Phase 

Ay = +1,3.58MHz, 
Rl=150Q 


Ay =+2,3.58MHz, 
Rl=150Q 


CLAMP CHARACTERISTICS Ay = +2, Vh = +1V, Vl = -1V, Unless Otherwise Specified. 


Clamp Accuracy (V|n = ±2V, Ay = -1) 


Clamp Overshoot (V|n = ±1V, Input t/tf = 2ns) 


Overdrive Recovery Time (V|n = ±1V) 


Negative Clamp Range 


Positive Clamp Range 


Clamp Input Bias Current 


Clamp Input Bandwidth (Vh or Vl = 100mVp.p) 


MHz 


dB 


dB 


dBc 


dBc 


dBm 


dBm 


ps 


ps 
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Die Characteristics 

DIE DIMENSIONS: 

63x44x 19± 1mils 
1600^m X 1130|a.m ± 25.4|j.m 

METALLIZATION: 

Type: Metal 1: AICu(2%)/TiW Type: Metal 2: AICu(2%) 

Thickness: Metal 1: 8kA ± 0.4kA Thickness: Metal 2: 16kA ± O.SkA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± O.SkA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 

WORST CASE CURRENT DENSITY: 

0.909x10® A/cm^ 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 

Metallization Mask Layout 

HFA1113 


NC 



OUT 
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Application Information 

Closed Loop Gain Selection 

The HFA1113 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 

This “buffer” operates in closed loop gains of -1, +1, or +2, and 
gain selection is accomplished via connections to the tlnputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1, while grounding -IN selects a gain of +2. A gain of -1 is 
obtained by applying the input signal to -IN with +IN grounded. 

The table below sumarizes these connections.. 

I I CONNECTIONS I 



+INPUT 

-INPUT 

GAIN (Act) 

(PIN 3) 

(PIN 2) 

-1 

GND 

Input 

+1 

Input 

NC (Floating) 

+2 

Input 

GND 


Lsok 

R1$(30K 
T FORVl) 



Clamp Operation 

General 

The HFA1113 features user programmable output clamps to 
limit output voltage excursions. Clamping action is obtained 
by applying voltages to the Vh and Vl terminals (pins 8 & 5) 
of the amplifier. Vh sets the upper output limit, while V|_ sets 
the lower clamp level. If the amplifier tries to drive the output 
above Vh, or below Vl. the clamp circuitry limits the output 
voltage at Vh or Vl (± the clamp accuracy), respectively. The 
low input bias currents of the clamp pins allow them to be 
driven by simple resistive divider circuits, or active elements 
such as amplifiers or DACs. 

Clamp Circuitry 

Figure 1 shows a simplified schematic of the HFA1113 input 
stage, and the high clamp (VH) circuitry. As with all current 
feedback amplifiers, there is a unity gain buffer (QX1 - QX2) 
between the positive and negative inputs. This buffer forces 
-IN to track +IN, and sets up a slewing current of (V-IN - 
VOUT)/RF. This current is mirrored onto the high imped¬ 
ance node (Z) by QX3-QX4, where it is converted to a volt¬ 
age and fed to the output via another unity gain buffer. If no 
clamping is utilized, the high impedance node may swing 
within the limits defined by QP4 and QN4. Note that when 
the output reaches it’s quiescent value, the current flowing 
through -IN is reduced to only that small current (-IBIAS) 
required to keep the output at the final voltage. 

Tracing the path from Vh to Z illustrates the effect of the 
clamp voltage on the high Impedance node. Vh decreases 
by 2 Vbe (QN6 and QP6) to set up the base voltage on QP5. 
QP5 begins to conduct whenever the high impedance node 
reaches a voltage equal to QPS’s base + 2 Vbe (QP5 and 
QN5). Thus, QP5 clamps node Z whenever Z reaches Vh- 


30on^ * 

X (INTERNAL) 

VouT 

FIGURE 1. HFA1113 SIMPLIFIED Vh CLAMP CIRCUITRY 

R1 provides a pull-up network to ensure functionality with 
the clamp inputs floating. A similar description applies to the 
symmetrical low clamp circuitry controlled by Vl. 

When the output is clamped, the negative input continues to 
source a slewing current (Iclamp) in an attempt to force the out¬ 
put to the quiescent voltage defined by the input. QP5 must 
sink this current while clamping, because the -IN current Is 
always mirrored onto the high impedance node. The clamping 
current is calculated as (V.|h - Vqut) / 3CX}G. As an example, a 
unity gain circuit with V|n = 2V, and Vh = 1V, would have Iqump 
= (2-1)/3CX3G = 3.27mA. Note that Icc will Increase by Iqump 
when the output is clamp limited. 

Clamp Accuracy 

The clamped output voltage will not be exactly equal to the 
voltage applied to Vh or Vl- Offset errors, mostly due to Vbe 
mismatches, necessitate a clamp accuracy parameter which 
is found in the device specifications. Clamp accuracy is a 
function of the clamping conditions. Referring again to Figure 
1, it can be seen that one component of clamp accuracy is the 
Vbe mismatch between the QX6 transistors, and the QX5 
transistors. If the transistors always ran at the same current 
level there would be no Vbe mismatch, and no contribution to 
the inaccuracy. The QX6 transistors are biased at a constant 
current, but as described earlier, the current through QX5 is 
equivalent to Iclamf ^be increases as Iclamp increases, 
causing the clamf^ output voltage to increase as well. 
Iclamp is a function of the overdrive level (V.|h - Volit 
clamped)» so clamp accuracy degrades as the overdrive 
increases. As an example, the specified accuracy of ±80mV 
for a 2X overdrive degrades to ±250mV for a 3X overdrive. 

Consideration must also be given to the fact that the clamp 
voltages have an effect on amplifier linearity. The “Nonlinear¬ 
ity Near Clamp Voltage” curve In the data sheet Illustrates 
the Impact of several clamp levels on linearity. 
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Clamp Range 

Unlike some competitor devices, both v'h and V|^ have usable 
ranges that cross OV. While Vh must be more positive than Vl, 
both may be positive or negative, within the range restrictions 
indicated in the specifications. For example, the HFA1113 
could be limited to ECL output levels by setting Vh = -0.8V 
and Vl = -1.8V. Vh and Vl may be connected to the same 
voltage (GND for instance) but the result won’t be In a DC out¬ 
put voltage from an AC input signal. A150 - 200mV AC signal 
will still be present at the output. 

Recovery from Overdrive 

The output voltage remains at the damp level as long as the 
overdrive condition remains. When the input voltage drops 
below the overdrive level (Vclamp ! ^cO amplifier will 
return to linear operation. A time delay, known as the Over¬ 
drive Recovery Time, is required for this resumption of linear 
operation. The plots of “Undamped Performance” and 
“Clamped Performance” highlight the HFA1113’s subnano¬ 
second recovery time. The difference between the 
undamped and clamped propagation delays is the overdrive 
recovery time. The appropriate propagation delays are 4.0ns 
for the undamped pulse, and 4.8ns for the damped (2X 
overdrive) puise yielding an overdrive recovery time of 
800ps. The measurement uses the 90% point of the output 
transition to ensure that linear operation has resumed. Note: 
The propagation delay illustrated is dominated by the fixtur- 
ing. The delta shown is accurate, but the true HFA1113 prop¬ 
agation delay Is 500ps. 

PC Board Layout 

The frequency performance of this amplifier depends a great 
deal on the amount of care taken In designing the PC board. 
The use of low Inductance components such as chip 
resistors and chip capacitors is strongiy recommended, 
whiie a soiid ground piane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (lOpF) tantalum in parallel with a small value 
chip (0.1 ^F) capacitor works well In most cases. 

Terminated mIcrostrIp signal lines are recommended at the 
Input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 

For unity gain applications, care must also be taken to 
minimize the capacitance to ground seen by the amplifier’s 
inverting input. At higher frequencies this capacitance will 
tend to short the -INPUT to GND, resulting in a closed loop 
gain which increases with frequency. This will cause 
excessive high frequency peaking and potentially other 
problems as well. 

An example of a good high frequency layout is the Evalua¬ 
tion Board shown below. 


Evaluation Board 

The performance of the HFA1113 may be evaluated using 
the HA1130 Evaluation Board, slightly modified as follows: 

1. Remove the 500Q feedback resistor (R2), and leave the 
connection open. 

2. a. For Ay =s +1 evaluation, remove the 500Q gain setting 

resistor (R1), and leave pin 2 floating, 
b. For Ay = +2, replace the 500Q gain setting resistor with 
a 0£2 resistor to GND. 

The layout and modified schematic of the board are shown 
here: 



o O 


• _ • 
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S21 MAGNITUDE (dB) NORMALIZED 
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Typical Performance Curves Vsupply=± 5 v, = +25*^0, Rl = 100a. umess otherwise specified. 

SMALL SIGNAL PULSE RESPONSE LARGE SIGNAL PULSE RESPONSE 

(Ay = +2) (Av = +2) 




UNCLAMPED PERFORMANCE CLAMPED PERFORMANCE 

(Av = +2, Vh = 2V, Vl = -2V) (Av = +2, Vh = 1V, Vl = -1V, 2X Overdrive) 




FORWARD GAIN FORWARD PHASE 




FREQUENCY (Hz) FREQUENCY (Hz) 
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PERCENT ERROR (%) 
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Typical Performance Curves Vsupply= ±5v, = +25®c, Rl= looa unless otherwise specified. (Continued) 

INTEGRAL LINEARITY ERROR NON-LINEARITY NEAR CLAMP VOLTAGE 



(Av = -1,Rl=100Q) 



Av*Vw(V) 
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Features 

• User Programmable Output Voltage Clamp 

• Low Distortion (30MHz).-56dBc 

• -3dB Bandwidth.850MHz 

• Very Fast Slew Rate.2300V/^s 

• Fast Settling Time (0.1%).11ns 

• Excellent Gain Ratness 

- (100MHz).0.14dB 

- (50MHz).0.04dB 

- (30MHz).0.01 dB 

• High Output Current.60mA 

• Overdrive Recovery.<1ns 

Applications 

• Residue Ampiifier 

• Video Switching and Routing 

• Puise and Video Ampiifiers 

• Wideband Ampiifiers 

• RF/IF Signai Processing 

• Fiash A/D Driver 

• Medicai Imaging Systems 


Pinout 


HFA1130 

(PDIP, CDIP, SOIC) 
TOP VIEW 



Output Clamping, Ultra High-Speed 
Current Feedback Amplifier 


Description 

The HFA1130 is a high speed wideband current feedback amplifier 
featuring programmable output clamps. Built with Harris’ proprietary 
complementary bipolar UHF-1 process, It is the fastest monolithic 
amplifier available from any semiconductor manufacturer. 

This amplifier is the ideal choice for high frequency applications 
requiring output limiting, especially those needing ultra fast overdrive 
recovery times. The output clamp function allows the designer to set 
the maximum positive and negative output levels, thereby protecting 
later stages from damage or input saturation. The sub-nanosecond 
overdrive recovery time quickly returns the amplifier to linear opera¬ 
tion, following an overdrive condition. 

The HFA1130 offers significant performance improvements over the 
CLC500/501/502. 

A variety of packages and temperature grades are available. See the 
ordering information below for details. For /883 product refer to the 
HFA1130/883 datasheet. 


Ordering Information 


PART NUMBER 

HFA1130MJ/883 


OPERATING 
TEMP RANGE 


PRODUCT 

DESCRIPTION 


-55°C to +125®C 8 Lead Ceramic DIP 

-40°C to +85°C 8 Lead Ceramic DIP 


-40°C to +85°C 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 ^ can 
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Specifications HFA1130 


Absolute Maximum Ratings 


Operating Conditions 



Voltage Between V+ and V-... 

.12V 

Operating Temperature Range 



DC input Voltage. 


HFA1130I. 

VI 

0 

;S+85°C 

Differential Input Voltage. 

.5V 

Storage Temperature Range. 

...-65°C^Ta^+150°C 

Output Current (50% Duty Cycle). 


Thermal Package Characteristics (°CA/V) 

®JA 

6 jc 

Junction Temperature. 

. +175®C 

Ceramic DIP Package. 

116 

36 

Junction Temperature (Plastic Package). 

.+150°C 

Plastic DIP Package. 

98 

36 

Lead Temperature (Soldering 10 Sec.). 

. +300°C 

SOIC Package. 

158 

43 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of fhe device at these or any offier conditions above those indicated in the qserational sections of th& specification is not implied. 


Electrical Characteristics Vsupply = Ay ^ +1, Rp 51 oa R|. = 10OO, Unless otherwise Specified 


PARAMETER 

TEMP 

HFA11301 

UNITS 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

input Offset Voltage * 

+25°C 

- 

2 

6 

mV 

Full 

- 

- 

10 

mV 

Input Offset Voltage Drift 

Full 

- 

10 


pV/°C 

V,o CMRR (AVcm = dh2V) 

+25°C 

40 

46 


dB 

Full 

38 

- 


dB 

Vk5PSRR(AVs=:±1.25V) 

+25°C 

45 

50 


dB 

Full 

42 

- 


dB 

Non-Inv. Input Bias Current (+IN = OV) * 

+25°C 


25 

40 

pA 

Full 


- 

65 

pA 

+Ibias Drift 

Full 


40 

- 

nA/°C 

+Ibias CMS (AVcm = ±2V) 

+25°C 


20 

40 

pA/V 

Full 


- 

50 

pA/V 

Inv. Input Bias Current (-IN = OV) * 

+25°C 


12 

50 

pA 

Full 


- 

60 

pA 

"•bias Drift 

Full 


40 

- 

nA/°C 

-Ibias CMS (AVcm = ±2V) 

+25°C 


1 

7 

pAA/ 

Full 


- 

10 

pA/V 

-IbiasPSS (AVs = ±1.25V) 

+25°C 


6 

15 

pA/V 

Full 


- 

27 

pAA^ 

Non-Inv. Input Resistance 

+25°C 

25 

50 

- 

kO 

Inv. Input Resistance 

+25°C 


16 

30 

Q 

Input Capacitance (either input) 

+25°C 


2 


pF 

input Common Mode Range 

Full 

±2.5 

±3.0 


V 

Input Voltage Noise (100kHz) * 

+25°C 


4 


nV/Vhiz 

+lnput Current Noise (100kHz) * 

+2500 


18 


pa/Vhz 

-Input Current Noise (100kHz) * 

+25°C 

- 

21 


pA/VlHz 

TRANSFER CHARACTERISTICS Ay = +2, Unless Otherwise Specified 

Open Loop Transimpedance 

+25®C 

- 

500 


ko 

-3dB Bandwidth (Vqut = 0.2Vp.p, Ay = +1) * 

+25°C 

530 

850 

- 

MHz 

-3dB Bandwidth (Vq^j = 0.2Vp.p, Ay == +2, Rp = 360Q) 

+25°C 

- 

670 

_ 

MHz 


* See Typical Performance Curve for more information. 
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Application Information 

Optimum Feedback Resistor (Rp) 

The enclosed plots of Inverting and non-inverting frequency 
response detail the performance of the HFA1130 in various 
gains. Although the bandwidth dependency on Aql isn’t as 
severe as that of a voltage feedback amplifier, there is an 
appreciable decrease in bandwidth at higher gains. This 
decrease can be minimized by taking advantage of the 
current feedback (CFB) amplifier’s unique property of 
bandwidth dependency on Rp. All current feedback amplifiers 
require a feedback resistor, even for unity gain applications. 
The Rp, in conjunction with the internal compensation 
capacitor, sets the dominant pole of the frequency response. 
Thus, the amplifier’s bandwidth is inversely proportional to Rp. 
The HFA1130 design Is optimized for a 51OQ Rp at a gain of 
+1. Decreasing Rp in a unity gain application decreases 
stability, leading to excessive peaking and overshoot. At 
higher gains the amplifier is more stable, so Rp can be 
decreased in a trade-off of bandwidth vs. stability. The table 
below lists recommended Rp values for various gains, and the 
expected bandwidth. 


Act 

RF(n) 

BW (MHz) 

+1 

510 

850 

-1 

430 

580 

+2 

360 

670 

+5 

150 

520 

+10 

180 

240 

+19 

270 

125 


Clamp Operation 

General 

The HFA1130 features user programmable output clamps to 
limit output voltage excursions. Clamping action is obtained 
by applying voltages to the Vh and Vl terminals (pins 8 & 5) 
of the amplifier. Vp| sets the upper output limit, while Vl sets 
the lower clamp level. If the amplifier tries to drive the output 
above Vh, or below Vl, the clamp circuitry limits the output 
voltage at Vh or Vl (± the clamp accuracy), respectively. The 
low input bias currents of the clamp pins allow them to be 
driven by simple resistive divider circuits, or active elements 
such as amplifiers or DACs. 

Clamp Circuitry 

Figure 1 shows a simplified schematic of the HFA1130 input 
stage, and the high clamp (Vh) circuitry. As with all current feed¬ 
back amplifiers, there is a unity gain buffer (QX1 - 0X2) between 
the positive and negative inputs. This buffer forces -IN to track 
+IN, and sets up a slewing current of (V-ih - Vout)/Rf' cur¬ 
rent is mirrored onto the high Impedance node (Z) by QX3-QX4, 
where it is converted to a voltage and fed to the output via 
another unity gain buffer. If no clamping is utilized, the high 
impedance node may swing within the limits defined by QP4 and 
QN4. Note that when the output reaches It’s quiescent value, the 
current flowing through -IN is reduced to only that small current 
(-Ibias) required to keep the output at the final voltage. 



FIGURE 1. HFA1130 SIMPLIFIED Vh CLAMP CIRCUITRY 

Tracing the path from Vh to Z illustrates the effect of the clamp 
voltage on the high impedance node. Vh decreases by 2 Vbb 
(QN6 and QP6) to set up the base voltage on QP5. QP5 begins 
to conduct whenever the high impedance node reaches a volt¬ 
age equal to QP5’s base + 2 Vbe (QP5 and QN5). Thus, QP5 
clamps node Z whenever Z reaches Vh. R1 provides a pull-up 
network to ensure functionality with the clamp inputs floating. A 
similar description applies to the symmetrical low clamp cir¬ 
cuitry controlled by Vl. 

When the output is clamped, the negative Input continues to 
source a slewing current (Iclamp) iri an attempt to force the out¬ 
put to the quiescent voltage defined by the input. QP5 must 
sink this current while clamping, because the -IN current is 
always mirrored onto the high impedance node. The clamping 
current is calculated as (V.ih - Vqut) / Rp- As an example, a 
unity gain circuit with V|n = 2V, Vh = 1V, and Rp = 51OD would 
have Iclamp = (2-1)/510Q = 1.96mA Note that Icc will Increase 
by Iclamp wh®*^ output Is clamp limited. 

Clamp Accuracy 

The clamped output voltage will not be exactly equal to the 
voltage applied to Vh or Vl- Offset errors, mostly due to Vbe 
mismatches, necessitate a clamp accuracy parameter which 
is found in the device specifications. Clamp accuracy is a 
function of the clamping conditions. Referring again to Figure 
1 , it can be seen that one component of clamp accuracy Is the 
Vbe mismatch between the QX6 transistors, and the QX5 
transistors. If the transistors always ran at the same current 
level there would be no Vbe niismatch, and no contribution to 
the inaccuracy. The QX6 transistors are biased at a constant 
current, but as described earlier, the current through QX5 is 
equivalent to Iclamp^ Vbe increases as Iclamp increases, 
causing the clamped output voltage to increase as well. 
•cuMP is ® function of the overdrive level (V.,n - Vqut ciamp^) 
and Rp, so clamp accuracy degrades as the overdrive 
increases, or as Rp decreases. As an example, the specified 
accuracy of ±60mV for a 2X overdrive with Rp = 51OD 
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degrades to ±220mV for Rp = 240Q at the same overdrive, 
or to ±250mV for a 3X overdrive with Rp = 51 Oil 

Consideration must also be given to the fact that the clamp 
voltages have an effect on amplifier linearity. The “Nonlinear¬ 
ity Near Clamp Voltage” curve in the data sheet Illustrates 
the impact of several clamp levels on linearity. 

Clamp Range 

Unlike some competitor devices, both Vpi and Vl have usable 
ranges that cross OV. While must be more positive than Vl, 
both may be positive or negative, within the range restrictions 
indicated in the specifications. For example, the HFA1130 
could be limited to ECL output levels by setting Vh = -0.8V 
and Vl = -1.8V. Vh and Vl may be connected to the same 
voltage (GND for instance) but the result won’t be in a DC out¬ 
put voltage from an AC input signal. A150 - 200mV AC signal 
will still be present at the output. 

Recovery from Overdrive 

The output voltage remains at the clamp level as long as the 
overdrive condition remains. When the input voltage drops 
below the overdrive level (Vclamp ! Nq\} amplifier will 
return to linear operation. A time delay, known as the Over¬ 
drive Recovery Time, is required for this resumption of linear 
operation. The plots of “Undamped Performance” and 
“Clamped Performance” highlight the HFA1130’s subnano¬ 
second recovery time. The difference between the 
undamped and clamped propagation delays is the overdrive 
recovery time. The appropriate propagation delays are 4.0ns 
for the undamped pulse, and 4.8ns for the clamped (2X 
overdrive) pulse yielding an overdrive recovery time of 
800ps. The measurement uses the 90% point of the output 
transition to ensure that linear operation has resumed. Note: 
The propagation delay illustrated is dominated by the fixtur- 
ing. The delta shown is accurate, but the true HFA1130 prop¬ 
agation delay is 500ps. 

Use of Die in Hybrid Appiications 

This amplifier is designed with compensation to negate the 
package parasitics that typically lead to instabilities. As a 
result, the use of die in hybrid applications results in 
overcompensated performance due to lower parasitic 
capacitances. Reducing Rp below the recommended values 
for packaged units will solve the problem. For Ay = +2 the 
recommended starting point is 300Q, while unity gain 
applications should try 400Q. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 

Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input. The larger this 
capacitance, the worse the gain peaking, resulting in pulse 
overshoot and possible instability. To this end, it is 
recommended that the ground plane be removed under 
traces connected to pin 2, and connections to pin 2 should 
be kept as short as possible. 

An example of a good high frequency layout is the Evalua¬ 
tion Board shown below. 

Evaiuation Board 

An evaluation board is available for the HFA1130. Please 
contact your local sales office for information. 

The layout and schematic of the board are shown here: 



10.1 

V V 


FIGURE 2. BOARD SCHEMATIC 
TOP LAYOUT 


m m 

1 


• • • I 

OUT lv+ 

- V • • v-f • 


PC Board Layout 

The frequency performance of this amplifier depends a great 
deal on the amount of care taken in designing the PC board. 

The use of low inductance components such as chip 
resistors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (lOjiF) tantalum in parallel with a small value 
chip (0.1 pF) capacitor works well in most cases. 


BOTTOM LAYOUT 
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Die Characteristics 

DIE DIMENSIONS: 

63x44x 19± 1mils 
1600|im X11 SO^im ±25.4)xm 

METALLIZATION: 

Type: Metal 1: MCu{2%)mV^ Type: Metal 2: ALCu{2%) 

Thickness: Metal 1 : 8kA ± 0.4kA Thickness: Metal 2: 16kA ± O.SkA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± O.SkA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 

WORST CASE CURRENT DENSITY: 

0.909 xIO^A/cm^ 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 

HFA1130 


^ 50070fl X.S 



OUT 
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FIGURE 13. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 


TEMPERATURE (®C) 

FIGURE 14. -3dB BANDWIDTH vs TEMPERATURE 
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OUTPUT VOLTAGE (V) 
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Typical Performance Curves Vsupply = ±5V, Rp = SIOQ. - +25®C, Rl * 100a unless otherwise specified. (Continued) 



TEMPERATURE (®C) 


FREQUENCY (Hz) 


FIGURE 27. OUTPUT VOLTAGE vs TEMPERATURE FIGURE 28. INPUT NOISE vs FREQUENCY 



-3-2-10123 


Av*Vw(V) 

FIGURE 29. NON-LINEARITY NEAR CLAMP VOLTAGE 
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Features 

• Wide Operating Voitage Range.±1V to ±8V 

• High input Impedance.10^^ O 

• Programmable Power Consumption_Low as aOjxW 

• Input Current Lower Than BIFIETs.IpA Typ 

• Output Voltage Swing.V-i- and V- 

• Input Common Mode Voltage Range Greater Than 
Supply Rails (iCL7612) 

Applications 

• Portable Instruments 

• Telephone Headsets 

• Hearing Aid/Microphone Amplifiers 

• Meter Amplifiers 

• Medical Instruments 

• High Impedance Buffers 


Description 

The ICL761X/762X/764X series is a family of monolithic 
CMOS operational amplifiers. These devices provide the 
designer with high performance operation at low supply 
voltages and selectable quiescent currents, and are an ideal 
design tool when ultra low Input current and low power 
dissipation are desired. 

The basic amplifier will operate at supply voltages ranging 
from ±1V to ±8V, and may be operated from a single Lithium 
cell. 

A unique quiescent current programming pin allows setting 
of standby current to 1mA, lOOpA, or lOpA, with no external 
components. This results in power consumption as low as 
20pW. The output swing ranges to within a few millivolts of 
the supply voltages. 

Of particular significance is the extremely low (IpA) input 
current, input noise current of O.OlpA/VRz, and Input 
Impedance. These features optimize performance In very 
high source impedance applications. 

The inputs are internally protected. Outputs are fully 
protected against short circuits to ground or to either supply. 

AC performance is excellent, with a slew rate of 1.6V/ps, and 
unity gain bandwidth of 1MHz at Iq = 1mA. 

Because of the low power dissipation, junction temperature 
rise and drift are quite low. Applications utilizing these fea> 
tures may include stable instruments, extended life designs, 
or high density packages. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 „ 
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Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ICL7611ACPA 

0®C to +70®C 

8 Lead Plastic DIP - A Grade 

ICL7611BCPA 

0°Cto+70“C 

8 Lead Plastic DIP - B Grade 

ICL7611DCPA 

0°Cto+70°C 

8 Lead Plastic DIP - D Grade 

ICL7611ACTV 

0^ to +70°C 

8 Pin TO-99 Metal Can - A Grade 

ICL7611BCTV 

0°C to -»-70°C 

8 Pin TO-99 Metal Can - B Grade 

ICL7611DCTV 

0°C to +70°C 

8 Pin TO-99 Metal Can - D Grade 

ICL7611AMTV 

-55®Cto+125®C 

8 Pin TO-99 Metal Can • A Grade 

ICL7611BMTV 

-55®C to +125°C 

8 Pin TO-99 Metal Can - B Grade 

ICL7611DMTV 

-55®Cto+125®C 

8 Pin TO-99 Metal Can - D Grade 

ICL7611DCBA 

0°C to +70°C 

8 Lead SOIC - D Grade 

ICL7611DCBA-T 

0°C to +70°C 

8 Lead SOIC - D Grade - Tape and Reel 

ICL7612ACPA 

0°C to +70®C 

8 Lead Plastic DIP - A Grade 

ICL7612BCPA 

0°Cto+70°C 

8 Lead Plastic DIP - B Grade 

ICL7612DCPA 

0°Cto+70°C 

8 Lead Plastic DIP - D Grade 

ICL7612ACTV 

0°C to +70®C 

8 Lead TO-99 Metal Can - A Grade 

ICL7612BCTV 

0°Cto+70°C 

8 Lead TO-99 Metal Can - B Grade 

ICL7612DCTV 

0®Cto+70°C 

8 Lead TO-99 Metal Can - D Grade 

ICL7612AMTV 

-55°C to+125®C 

8 Lead TO-99 Metal Can - A Grade 

ICL7612BMTV 

-55°C to +125°C 

8 Lead TO-99 Metal Can - B Grade 

ICL7612DMTV 

-55°C to+125®C 

8 Lead TO-99 Metal Can - D Grade 

ICL7612DCBA 

0°C to +70°C 

8 Lead SOIC - D Grade 

ICL7612DCBA-T 

0°C to +70®C 

8 Lead SOIC - D Grade - Tape and Reel 
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Specifications ICL7611, iCL7612 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage V+ to V-.18V Operating Temperature Range 


Input Voltage.V- -0.3 to V+ +0.3V 

Differential Input Voltage (Note 1).[(V+ +0.3) - (V- -0.3)]V 


ICL76XXM.-55°C ^ Ta ^ +125°C 

1CL76XXC.0°C ^ Ta ^ +70°C 


Duration of Output Short Circuit (Note 2).Unlimited Storage Temperature Range.-66 °C ^ Ta ^ +150®C 

Power Dissipation 

AtTA = +25®C. 250mW 

Above Ta = +25°C.Derate Linearly 2mW/®C 

Junction Temperature.+176°C 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Majdmum Ratings" may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsupply ^ ±5.0V, Ta= +25^C, Unless otherwise Specified 




TEST 

PARAMETERS 

SYMBOL 

CONDITIONS 


ICL7611A, 

ICL7612A 


ICL7611B, 

ICL7612B 


ICL7611D, 

ICL7612D 




input Offset Voltage 


Temperature 
Coefficient of Vqs 


Input Offset Current 


Input Bias Current 


Common Mode 
Voltage Range 
(Except ICL7612) 


Extended Common 
Mode Voltage Range 
(ICL7612 Only) 


Output Voltage Swing 


Rs^ 100 kO,TA=+ 26 °C 


Tmin ^ Ta ^ Tmax 


AVos/AT Rs^lOOkQ 




lQ=10pA, Ta = +25°C 
0°Cto70°C 


-55°Cto+125°C 


Iq = 100hA, Ta = +25°C 
RL=100kQ o°C to 70°C 

-55°Cto+125°C 


lQ = 1mA, Ta = +25°C 

Ri 10kQ « _ „ _ 

0°C to 70°C 

-55°Cto+125®C 
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Specifications ICL7611, ICL7612 


Electrical Specifications Vsupply - ±5.0V, +25°C, Unless otherwise specified (Continued) 


PARAMETERS 


Large Signal Voltage 
Gain 


Channel Separation 


Slew Rate 


SYMBOL 


Avol 


Unity Gain Bandwidth 


input Resistance 


Common Mode 
Rejection Ratio 


Power Supply 
Rejection Ratio 
^SUPPLY = to ±2V 


Input Referred Noise 
Voltage 


Input Referred Noise 
Current 


Supply Current 



TEST 

CONDITIONS 


ICL7611A, 

ICL7612A 


ICL7611B, 

ICL7612B 


ICL7611D, 

ICL7612D 



Vo=:±4.0V, 

T^ = +25°C 

R|_ =s 1 Mo, 

lQ = 10pA 

0°Cto70°C 


-55°Cto+125°C 

Vo = ±4.0V, 

Ta = +25°C 

RL=100kO, 
Iq = 100mA 

0°C to 70°C 


-55°Cto+125°C 

Vo = ±4.0V, 

Ta = +25'’C 

Rl = lOkO, 
Iq = 1mA 

0°Cto70°C 


-55°Cto+125°C 

Iq = lOpA 

lQ = 100pA 










Rs^lOOkQ, 

Iq=:10pA 

Rs^lOOkQ, 

Iq = 100pA 

Rs^lOOkO, 

Iq = 1mA 

Rs^ lOOkO. 

Iq = lOpA 

Rs<100kO, 

lQ = 100pA 

Rs^lOOkQ, 

Iq = 1 mA 

Rs=100Q,f 

= 1kHz 

Rs = 100O,f 

= 1kHz 

No Signal, 
No Load 

Iq SET=r+5V, 
Low Bias 


IqSET = 0V, 
Medium Bias 

IqSET = -5V, 
High Bias 

Ay, = 100 

LL 
Q. 
O • 
- O i 

II II 

Iq = 10pA, 
Rl=1MO 

V,N = BVp.p 

Iq = 100pA, 
RL=100kO 


Iq = 1mA, 
RL=10kO 

V,N = 50mV, 
Cl=100pF 

Iq = 10pA, 
Rl^IMO 


Iq = 100pA, 
RL=100kO 

Iq = 1mA, 
RL=10kO 


UNITS 


dB 


dB 


dB 


dB 


dB 


dB 


dB 


dB 


dB 


MHz 


MHz 


MHz 


n 


dB 


dB 


dB 


dB 


dB 


dB 


100 - nVA/Hz 


0.01 - jpA/ylHz 


0.01 0.02 mA 


0.1 0.25 mA 


1.0 2.5 I mA 



























































































































































Specifications iCL7611, iCL7612 


Electrical Specifications Vsupply ±5.0V, +25^C, Unless otherwise Specified (Continued) 




TEST 

iCL7611A, 

ICL7612A 

ICL7611B, 

ICL7612B 

ICL7611D, 

ICL7612D 


PARAMETERS 

SYMBOL 

CONDITIONS 

Ujjl 

123 

[23! 


123 

U23 

[jj3 



UNITS 

Overshoot Factor 

OS 

V,N=50mV, 

Cl=100pF 

Iq = 10pA, 
Rl=1MQ 

- 

5 

■ 

■ 

5 

■ 

■ 

5 

* 

% 




Iq = 100hA, 
RL=100kQ 

- 

10 

■ 

■ 

10 

■ 

■ 

10 

- 

% 




Iq = 1mA, 
RL=10kQ 

- 

40 

■ 

■ 

40 

■ 

■ 

40 

* 

% 


NOTES: 

1. Long term offset voltage stability will be degraded if large input differential voltages are applied for long periods of time. 

2. The outputs may be shorted to ground or to either supply, for Vsupp ^ 10V. Care must be taken to insure that the dissipation rating is not 
exceeded. 


Electrical Specifications Vsupply = ±1-0V, Iq = lOpA, Ta= +25°C, unless otherwise Specified 


PARAMETERS 


input Offset Voltage 


Temperature Coefficient of Vqs 


Input Offset Current 


input Bias Current 


Common Mode Voltage Range 
(Except ICL7612) 


Extended Common Mode 
Voltage Range (ICL7612 Only) 


Output Voltage Swing 


Large Signal Voltage Gain 


Unity Gain Bandwidth 


Input Resistance 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Input Referred Noise Voltage 


Input Referred Noise Current 


Supply Current 


Slew Rate 


TEST 

SYMBOL CONDITIONS I MIN I TYP 


s Rs^lOOkQ Ta = +25°C 

Tmin ^ Ta ^ T’max 


AVqs/AT Rs^lOOkO 


•os 


ICL7611A,ICL7612A I ICL7611B, ICL7612B 




Rl=1MQ 

Ta=:+25®C 


0®Cto+70°C 

Vo = ±0.1V, 

Ta = +25°C 

Rl = 1MQ 

0°Cto+70°C 




Overshoot Factor 


CMRR Rs^lOOkO 


PSRR Rsr^lOOkQ 


Rs=100Q.f=1kHz 


Rs=1000,f=1kHz 


SUPPLY Signal, No Load 


Ay^=1,CL=100pF, 

V|N = 0.2Vp.p, RL = 1Ma 


V,N « 50mV, Cl = lOOpF 
Rl=1 MQ 


V,Nr=50mV, Cl=100pF, 
Rl^IMO 
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MAXIMUM OUTPUT VOLTAGE (Vp.p) MAXIMUM OUTPUT VOLTAGE (Vp^) 3 SUPPLY VOLTAGE REJECTION RATIO (dB) 
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ICL7611, ICL7612 


Typical Performance Curves (Continued) 



0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 

RGURE13. OUTPUT SOURCE CURRENT vs SUPPLY VOLTAGE 




0.1 1.0 10 100 0 2 4 6 8 10 12 
LOAD RESISTANCE (kQ) TIME (^s) 

FIGURE 15. OUTPUT VOLTAGE vs LOAD RESISTANCE FIGURE 16. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 

RESPONSE (Iq = 1mA) 



0 20 40 60 80 100 120 0 200 400 600 800 1000 1200 

TIME (hs) time ((is) 

FIGURE 17. VOLTAGE FOLLOWER LARGE SIGNAL PULSE FIGURE 18. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
RESPONSE (Iq = 10O^A) RESPONSE (1q = 10^A) 


































ICL7611, ICL7612 


Detailed Description 

Static Protection 

Ail devices are static protected by the use of input diodes. 
However, strong static fields should be avoided, as it is 
possible for the strong fields to cause degraded diode 
junction characteristics, which may result in increased input 
leakage currents. 

Latchup Avoidance 

Junction-isolated CMOS circuits employ configurations 
which produce a parasitic 4-layer (p-n-p-n) structure. The 4- 
layer structure has characteristics similar to an SCR, and 
under certain circumstances may be triggered into a low 
impedance state resulting in excessive supply current. To 
avoid this condition, no voltage greater than 0.3V beyond the 
supply rails may be applied to any pin. In general, the op- 
amp supplies must be established simultaneously with, or 
before any input signals are applied. If this is not possible, 
the drive circuits must limit input current flow to 2mA to 
prevent latchup. 

Choosing the Proper Iq 

The ICL7611 and ICL7612 have a similar Iq set-up scheme, 
which allows the amplifier to be set to nominal quiescent cur¬ 
rents of 10|iA, 100|xA or 1mA. These current settings 
change only very slightly over the entire supply voltage 
range. The ICL7611/12 have an external Iq control terminal, 
permitting user selection of quiescent current. To set the Iq 
connect the Iq terminal as follows: 

Iq = lOpA- Iq pin to V+ 

Iq = lOOpA - Iq pin to ground. If this is not possible, any volt¬ 
age from V+ - 0.8 to V- +0.8 can be used. 

Iq = 1 m A - Iq pin to V- 

NOTE: The output current available Is a function of the quiescent 
current setting. For maximum p-p output voltage swings into low 
impedance bads, Iq of 1mA should be selected. 

Output Stage and Load Driving Considerations 

Each amplifiers’ quiescent current flows primarily in the 
output stage. This is approximately 70% of the Iq settings. 
This allows output swings to almost the supply rails for 
output loads of 1MU lOOkQ, and lOkU using the output 
stage in a highly linear class A mode. In this mode, cross¬ 
over distortion Is avoided and the voltage gain is maximized. 
However, the output stage can also be operated in Class AB 
for higher output currents. (See graphs under Typical 
Operating Characteristics). During the transition from Class 
A to Class B operation, the output transfer characteristic is 
non-linear and the voltage gain decreases. 

Input Offset Nulling 

Offset nulling may be achieved by connecting a 25K pot 
between the BAL terminals with the wiper connected to V+. At 
quiescent currents of 1mA the nulling range provided is ade¬ 
quate for all Vqs selections; however with Iq = 10|aA and 
lOOpA, nulling may not be possible with higher values of Vqs. 


Frequency Compensation 

The ICL7611 and ICL7612 are Internally compensated, and 
are stable for closed loop gains as low as unity with capaci¬ 
tive loads up to lOOpF. 

Extended Common Mode Input Range 

The ICL7612 Incorporates additional processing which 
allows the input CMVR to exceed each power supply rail by 
0.1V for applications where Vsupp ^ ±1.5V. For those 
applications where Vsupp ^ ±1.5V the Input CMVR is limited 
in the positive direction, but may exceed the negative supply 
rail by 0.1V in the negative direction (e.g. for Vsupp = ±1.0V, 
the input CMVR would be +0.6V to -1.1V). 

Operation At Vg^pp = ±1.0V 

Operation at Vsupp = OV is guaranteed at Iq = lOpA for A 
and B grades only. 

Output swings to within a few millivolts of the supply rails are 
achievable for Rl > 1MQ. Guaranteed input CMVR is ±0.6V 
minimum and typically +0.9V to -0.7V at Vsupp = ±1-0V. For 
applications where greater common mode range is desir¬ 
able, refer to the description of ICL7612 above. 

Applications 

The user is cautioned that, due to extremely high input 
impedances, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and 
noise pickup. 

Note that in no case is Iq shown. The value of Iq must be 
chosen by the designer with regard to frequency response 
and power dissipation. 



rc^612^—H 

n 

-1 


FIGURE 19. SIMPLE FOLLOWER* 



VouT 

TO CMOS OR 
LPTTL LOGIC 


FIGURE 20. LEVEL DETECTOR* 

By using the iCL7612 in this application, the circuit will follow rail to 
rail inputs. 


CM 
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•r±r IICL7611J 


DUTYCY^E 


WAVEFORM GENERATOR 


Low leakage currents allow integration times up to several hours. Since the output range swings exactly from rail to rail, frequency and 

duty cycle are virtually independent of power supply variations. 


FIGURE 21. PHOTOCURRENT INTEGRATOR 


FIGURE 22. PRECISE TRIANGLE/SQUARE WAVE GENERATOR 


1.8k s 5% 
SCALE 
ADJUST 


iHg 

Bl 


TO 

SUCCEED¬ 

ING 

INPUT 

STAGE 


Ta«+125®C 



FIGURE 23. AVERAGING AC TO DC CONVERTER FOR A/D CON¬ 
VERTERS SUCH AS ICL7106, ICL7107, ICL7109, 
ICL7116, ICL7117 


FIGURE 24. BURN-IN AND LIFE TEST CIRCUIT 



FIGURE 25. Vos NULL CIRCUIT 
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The low bias currents permit high resistance and iow capacitance values to be used to achieve low frequency cutoff, 
fc = 10Hz, Avcl = Passband ripple = 0.1 dB. 

*Note that small capacitors (25 • 50pF) may be needed for stability in some cases. 

FIGURE 26. FIFTH ORDER CHEBYSHEV MULTIPLE FEEDBACK LOW PASS FILTER 
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Features 

• Wide Operating Voltage Range.±1V to ±8V 

• High Input Impedance.10^^ O 

• Input Current Lower Than BIFIETs.IpA Typ 

• Output Voltage Swing.V-i- and V- 


• Available as Duals and Quads (Refer to ICL7611 for 
Singles) 

• Low Power Replacement for Many Standard Op Amps 

Applications 

• Portable Instruments 

• Telephone Headsets 

• Hearing AicVMicrophone Amplifiers 

• Meter Amplifiers 

• Medical Instruments 

• High Impedance Buffers 


Pinouts (See Ordering Information on Next Page) 

ICL7621 
(PDIP, SOIC) 

TOP VIEW 


ICL7621JCL7641 
ICL7642 

ICL76XX Series Low Power 
CMOS Operational Amplifiers 


Description 

The ICL761X/762X/764X series is a family of monolithic 
CMOS operational amplifiers. These devices provide the 
designer with high performance operation at low supply 
voltages and selectable quiescent currents. They are an 
ideal design tool when ultra low input current and low power 
dissipation are desired. 

The basic amplifier will operate at supply voltages ranging 
from ±1V to ±8V, and may be operated from a single Lithium 
cell. The output swing ranges to within a few millivolts of the 
supply voltages. 

The quiescent supply current of these amplifiers is set to 3 
different ranges at the factory. Both amps of the dual 
ICL7621 are set to an Iq of lOOpA, while each amplifier of 
the quad ICL7641 and ICL7642 are set to an Iq of 1mA and 
10|iA respectively. This results in power consumption as low 
as 20pW per amplifier. 

Of particular significance Is the extrernely low (IpA) input 
current, input noise current of O.OlpA/VHz, and lO^^Q input 
impedance. These features optimize performance In very 
high source Impedance applications. 

The inputs are internally protected. Outputs are fully 
protected against short circuits to ground or to either supply. 

AC performance is excellent, with a slew rate of 1.6V/|xs, and 
unity gain bandwidth of 1MHz at Iq = 1mA. 

Because of the low power dissipation, junction temperature 
rise and drift are quite low. Applications utilizing these 
features may Include stable instruments, extended life 
designs, or high density packages. 


ICL7621 
(METAL CAN) 

TOP VIEW 


ICL7641 (PDIP) 
ICL7642 (CDIP, PDIP) 
TOP VIEW 





CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pj |0 3403 

Copyright © Harris Corporation 1993 
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ICL7621, ICL7641, ICL7642 


Ordering Information 


PART NUMBER 

TEMPERATURE RANGE 

PACKAGE 

ICL7621ACPA 

0°C to +70°C 

8 Lead Plastic DIP - A Grade - Iq = 100nA 

ICL7621BCPA 

0°C to +70°C 

8 Lead Plastic DIP - B Grade - Iq = 1(X)^lA 

ICL7621DCPA 

0®C to +70°C 

8 Lead Plastic DIP - D Grade - Iq = lOO^iA 

ICL7621ACTV 

0°C to +70°C 

8 Pin TD-99 Metal Can - A Grade - Iq = 100^lA 

ICL7621BCTV 

0°C to +70°C 

8 Pin TO-99 Metal Can - B Grade - Iq = 100^lA 

ICL7621DCTV 

0°C to +70°C 

8 Pin TO-99 Metal Can - D Grade - Iq = 100^ 

ICL7621AMTV 

-55°C to +125°C 

8 Pin TO-99 Metal Can - A Grade - Iq = lOO^A 

ICL7621BMTV 

-55°C to +125°C 

8 Pin TO-99 Metal Can - B Grade - Iq * 100^lA 

ICL7621DMTV 

-55°C to +125°C 

8 Pin TO-99 Metal Can - D Grade - Iq = 100^A 

ICL7621DCBA 

0°C to +70°C 

8 Lead SOIC - D Grade - Iq = 100nA 

ICL7621DCBA-T 

0°C to +70°C 

8 Lead SOIC - D Grade - Tape and Reel - Iq = 10OpA 

ICL7641CCPD 

0°C to +70°C 

14 Lead Plastic DIP - C Grade - Iq = 1mA 

ICL7641ECPD 

0°C to +70°C 

14 Lead Plastic DIP - E Grade - Iq = 1mA 

ICL7642CCPD 

OPC to +70®C 

14 Lead Plastic DIP - C Grade - Iq = lOpA 

ICL7642ECPD 

0®C to +70°C 

14 Lead Plastic DIP - E Grade - Iq = lOpA 

ICL7642CCJD 

0°C to +70°C 

14 Lead Ceramic DIP - C Grade - Iq = lOpA 

ICL7642CMJD 

-55°C to +125°C 

14 Lead Ceramic DIP - C Grade - Iq = lOpA 

ICL7642EMJD 

-55®C to +125°C 

14 Lead Ceramic DIP - E Grade - Iq = lOpA 
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Specifications ICL7621, iCL7641, iCL7642 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage V+ to V-. 

.18V 

Operating Temperature Range 


Input Voltage. 

.... V- -0.3 to V+ +0.3V 

ICL76XXM. 

,..-55°C^Ta^+125°C 

Differential Input Voltage (Note 1). 

..[(V++0.3)-(V--0.3)]V 

1CL76XXC. 

.0®C^Ta^+70°C 

Duration of Output Short Circuit (Note 2).. 


Storage Temperature Range. 

,..-65°C^Ta^+150°C 

Power Dissipation 




8 Lead Mini Dip and TO-99: 




AtTA=+25°C. 

. 250mW 



Above Ta = +25°C. 

Derate Linearly 2mW/°C 



14 Lead Plastic DIP: 




AtTA-+25°C. 

. 375mW 



Above Ta = +25°C. 

Derate Linearly 3mW/°C 



14 Lead Ceramic DIP: 




AtTA=:+25°C. 

. 500mW 



Above Ta = +25°C... 

Derate Linearly 4mW/°C 



Junction Temperature. 

. +175°C 



Junction Temperature (Plastic Package) .. 

. +150°C 



Lead Temperature (Soldering 10 Sec.)_ 

. +300°C 



CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 

of U)e device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsupply = ±5-0V, Ta= +25°C, unless otherwise Specified 


PARAMETERS 

SYMBOL 

Input Offset 
Voltage 

Vos 

Temperature 
Coefficient of 

AVos/AT 


TEST 

CONDITIONS 


Vos Rs ^ 100kO Ta = +25°C 


MIN TYP MAX I MIN TYP MAX 



ICL7621D 

MIN TYP MAX UNITS 


16 I mV 


20 I mV 


■HUH 


Input Bias 
Current 


Common Mode 
Voltage Range 


Output Voltage 
Swing 


Large Signal 
Voltage Gain 


Unity Gain 
Bandwidth 


Input Resistance 


Common Mode 
Rejection Ratio 


30 

- 

0.5 

30 


m\ 

30 

pA 

300 

- 

- 

300 


- 

300 

pA 

800 

- 


800 



800 

pA 

50 

- 

1.0 

50 


1.0 

50 

pA 

400 

- 

- 

400 


- 

400 

pA 

4000 

- 

- 

4000 

- 

- 

4000 

pA 


VouT *Q = 10OpA, Ta = +25°C 

RL=100kO --— 

nor* ♦/> "rnor 


ML=lUUKii ^ 

'■ 0°C to 70°C ±4.8 

-55°Cto+125°C ±4.5 


Avol Vo = ±4.0V, Ta = +25°C 86 I 102 

RL=100kfl, —-—- 

1q = 100mA °°C>°^70°C 80 


|-55°CtO+125°C I 74 


GBW ||q=100hA 


CMRR Rs^100kQ,lQ = 100pA 


10^2 


76 1 91 



10^2 


70 91 


































































































































































Specifications iCL7621, iCL7641, iCL7642 


Electrical Specifications Vsuppiy = ±5.0V, 1^= +25°C, unless otherwise specified (Continued) 


PARAMETERS SYMBOL 


TEST 

CONDITIONS 


MIN TYP MAX I MIN TYP MAX | MIN TYP MAX I UNITS 


Power Supply PSRR Rs ^ 10OkO, Iq = 10OpA 
Rejection Ratio 

Vsupply = ±8V 

to±2V 


Input Referred e^ Rs = 100Q, f = 1 kHz 

Noise 

Voltage 


Input Referred In Rs = 100Q, f = 1kHz 

Noise 

Current 


Supply Current (supply Signal, No Load, 
(per Amplifier) Iq = lOOpA 


Channel 

Separation 



Overshoot 

Factor 


VoiA^ 02 Ay = 100 


SR Av=1,Cl=100pF 

Vifj = 8Vp-p, Iq = lOOpA, 
RL=100kO 


tfi V,N = 50mV,CL = 100pF 
lQ = 100pA,RL=100kQ 


OS V,N = 50mV,CL = 100pF 
lQ = 100pA,RL=100kO 



■■■■ 



1. Long term offset voltage stability will be degraded if large input differential voltages are applied for long periods of time. 

2. The outputs may be shorted to ground or to either supply, for Vsupp ^ 10V. Care must be taken to insure that the dissipation rating is not 


Electrical Specifications Vsupply = ±5.0V, T;^= +25°C, Unless otherwise Specified 


PARAMETERS SYMBOL 


TEST 

CONDITIONS 


Input Offset Voltage 




s I Rs — 10OkO 


Temperature Coefficient AVqs/AT Rs <100kQ 
of Vqs 


Input Offset Current 


Input Bias Current 


Common Mode Voltage 
Range 



-55°C to +125°C 


•bias Ta = +25^C _ 

0°C to +70°C 
-55°C to +125°C 


R Iq = 10pA, ICL7642 
Iq = 1mA, ICL7641 
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Specifications ICL7621, iCL7641, iCL7642 


Electrical Specifications Vsupply = ±5.0V, +25°C, Unless otherwise Specified (Continued) 


PARAMETERS 

SYMBOL 

TEST 

CONDITIONS 

Output Voltage Swing 


ICL7642, 

lQ = 10^lA. 

Rl=1MQ, 

T;^ = +25°C 

0°Cto70®C 

-55°C to +125®C 

ICL7641, 

Iq = 1mA, 
RL=10kQ, 

Ta = +25°C 

0°Cto70°C 

-55°C to +125®C 

Large Signal Voltage 
Gain 


ICL7642, 

Vo*±4.0V, 

Rl=1MQ, 

Iq = lOpA 

Ta*+25®C 

0°Cto+70°C 

-55°C to +125°C 

ICL7641, 

Vq = ±4.0V, 

Rl= lOkQ, 

Iq= 1mA 

Ta = +25°C 

0°C to +70°C 

-55°C to +125°C 

Unity Gain Bandwidth 

GBW 

ICL7642,Iq = 10pA 

ICL7641,lQ=1mA 

input Resistance 

Rin 


Common Mode Rejec¬ 
tion Ratio 

CMRR 

ICL7642, Rs ^ lOOkii, Iq = lOpA 

ICL7641. Rs 10OkO, Iq = 1 mA 

Power Supply Rejection 
Ratio 

Vsupply = ±8V to ±2V 

PSRR 

ICL7642, Rs ^ 10Okn, Iq = 10pA 

ICL7641, Rs ^ lOOkQ, Iq = 1mA 

input Referred Noise 
Voltage 

®N 

Rs=100Q,f=1kHz 

Input Referred Noise 
Current 

In 

Rs=100Q,f=1kHz 

Supply Current 
(per Amplifier) 

^SUPPLY 

No Signal, No 
Load 

ICL7642, 

Iq= lOpA Low 
Bias 

ICL7641, 

Iq = 1mA High 
Bias 

Channel Separation 

V01/V02 

Av==100 

Slew Rate 

SR 

Av=1. 

Cl=100pF 

V,N = 8Vp.p 

ICL7642, 

Iq = 10pA, 

Rl = 1MQ 

ICL7641, 

iQsImA, 

RL*=10ki2 

Rise Time 

tR 

V|N s: 50mV, 
Cl=100pF 

ICL7642, 

Iq = 10pA, 

Rj_ = 1MQ 

ICL7641, 

Iq=! 1mA, 

RL = 10kQ 










































































































































































Specifications iCL7621, ICL7641, ICL7642 


Electrical Specifications Vsupply = ±5.0V, 7^= +25°C. unless otherwise Specified (Continued) 



NOTES: 

1. Long term offset voltage stability will be degraded If large Input differential voltages are applied for long periods of time. 

2. The outputs may be shorted to ground or to either supply, for Vsupp ^ 10V. Care must be taken to insure that the dissipation rating is not 
exceeded. 

Electrical Specifications Vs^pply = ±1 -OV. Iq r: 1 0pA, Ta=: +25^C, unless otherwise Specified 
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DIFFERENTIAL VOLTAGE GAIN (V/V) 


ICL7621, ICL7641, ICL7642 


Typical Performance Curves 



4 6 8 10 12 

SUPPLY VOLTAGE (V) 


FIGURE 1. SUPPLY CURRENT PER AMPLIFIER vs SUPPLY 
VOLTAGE 



FIGURE 3. INPUT BIAS CURRENT vs TEMPERATURE 



90 < 
X 


135 

180 


0.1 1.0 10 100 IK 10k 100k 1M 

FREQUENCY (Hz) 

FIGURE 5. LARGE SIGNAL FREQUENCY RESPONSE 
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ICL7621, ICL7641, ICL7642 


Typical Performance Curves (Continued) 
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FIGURE 11. OUTPUT VOLTAGE vs SUPPLY VOLTAGE 


FIGURE 12. OUTPUT VOLTAGE vs FREE-AIR TEMPERATURE 
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ICL7621, ICL7641, ICL7642 


Detailed Description 

Static Protection 

All devices are static protected by the use of input diodes. 
However, strong static fields should be avoided, as it is 
possible for the strong fields to cause degraded diode 
junction characteristics, which may result In increased input 
leakage currents. 

Latchup Avoidance 

Junction-isolated CMOS circuits employ configurations 
which produce a parasitic 4-layer (p-n-p-n) structure. The 4- 
layer structure has characteristics similar to an SCR, and 
under certain circumstances may be triggered into a low 
impedance state resulting in excessive supply current. To 
avoid this condition, no voltage greater than 0.3V beyond the 
supply rails may be applied to any pin. in general, the op- 
amp supplies must be established simultaneously with, or 
before any input signals are applied. If this is not possible, 
the drive circuits must limit Input current flow to 2mA to 
prevent latchup. 

Choosing the Proper Iq 

Each device in the ICL76XX family has a similar Iq set-up 
scheme, which allows the amplifier to be set to nominal 
quiescent currents of lOjxA, 100pA or 1mA. These current 
settings change only very slightly over the entire supply 
voltage range. The ICL7611/12 have an external Iq control 
terminal, permitting user selection of each amplifiers’ quies¬ 
cent current. The ICL7621 and ICL7641/7642 have fixed Iq 
settings: 

ICL7621 (Dual) - Iq = lOOnA 
ICL7641 (Quad) -Iq= 1mA 
ICL7642 (Quad)-lQ=10^A 

NOTE: The output current available is a function of the qui¬ 
escent current setting. For maximum p-p output voltage 
swings into low impedance loads, Iq of 1mA should be 
selected. 

Output Stage and Load Driving Considerations 

Each amplifiers’ quiescent current flows primarily in the out¬ 
put stage. This is approximately 70% of the Iq settings. This 
allows output swings to almost the supply rails for output 
loads of IMfli, lOOkfl, and lOkO, using the output stage in a 
highly linear class A mode. In this mode, crossover distortion 
is avoided and the voltage gain is maximized. However, the 
output stage can also be operated in Class AB for higher 
output currents. (See graphs under Typical Operating Char¬ 
acteristics). During the transition from Class A to Class B 
operation, the output transfer characteristic is non-linear and 
the voltage gain decreases. 


Frequency Compensation 

The iCL76XX are internally compensated, and are stable for 
closed loop gains as low as unity with capacitive loads up to 
lOOpF. 

Operation At Vsupp - ±1.0V 

Operation at Vsupp = ±1 -OV is guaranteed for the ICL7642C 
only. 

Output swings to within a few millivolts of the supply rails are 
achievable for Rl ^ IMa Guaranteed input CMVR is ±0.6V 
minimum and typically +0.9V to -0.7V at Vsupp = ±1-0V. For 
applications where greater common mode range is 
desirable, refer to the ICL7612 data sheet. 

Applications 

The user is cautioned that, due to extremely high input 
impedances, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and 
noise pickup. 

Note that in no case is Iq shown. The value of Iq must be 
chosen by the designer with regard to frequency response 
and power dissipation. 



FIGURE 19. SIMPLE FOLLOWER 



VouT 

TO CMOS OR 
LPTTL LOGIC 


FIGURE 20. LEVEL DETECTOR* 

By using the ICL7612 in this application, the circuit will follow rail to 
rail inputs. 
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_ —1— . .... -wv* . 

“■ WAVEFORM GENERATOR 

Low leakage currents allow integration tinnes up to several hours. Since the output range swings exactly from rail to rail, frequency and 

duty cycle are virtually independent of power supply variations. 


FIGURE 21. PHOTOCURRENT INTEGRATOR 


FIGURE 22. PRECISE TRIANGLE/SQUARE WAVE GENERATOR 
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SEMICONDUCTOR 


ICL7650S 


March 1993 


Super Chopper-Stabilized 
Operational Amplifier 


Features 

• Guaranteed Max Input Offset Voltage for All Tempera¬ 
ture Ranges 

• Low Long-Term and Temperature Drifts of input Offset 
Voltage 

• Gi/aranfeecf Max Input Bias Current.lOpA 

• Extremely Wide Common Mode Voltage Range: -fS-S to 
-5V 

• Recfc/cacf Supply Current.2mA 

• Guaranteed Minimum Output Source/Sink Current 

• Extremely High Gain.150dB 

• Extremely High CMRR and PSRR.140dB 

• High Slew Rate.2.5V/^s 

• Wide Bandwidth.2MHz 

• Unity-Gain Compensated 

• Clamp Circuit to Avoid Overload Recovery Problems 
and Allow Comparator Use 

• Extremely Low Chopping Spikes at Input and Output 

• Characterized Fully Over A//Temperature Ranges 

• Improved, Direct Replacement for Industry-Standard 
ICL7650 and other Second-Source Parts 


Description 

The 1CL7650S Super Chopper-Stabilized Amplifier offers 
exceptionally low input offset voltage and is extremely stable 
with respect to time and temperature. It is a direct replace¬ 
ment for the industry-standard ICL7650 offering Improved 
input offset voltage, lower input offset voltage temperature 
coefficient, reduced input bias current, and wider common 
mode voltage range. All improvements are highlighted in 
bold Italics in the Electrical Characteristics section. Critical 
parameters are guaranteed over the entire commercial. 
Industrial and military temperature ranges. 

Harris’ unique CMOS chopper-stabilized amplifier circuitry is 
user-transparent, virtually eliminating the traditional chopper 
amplifier problems of Intermodulation effects, chopping 
spikes, and overrange lock-up. 

The chopper amplifier achieves its low offset by comparing 
the inverting and non-inverting Input voltages in a nulling 
amplifier, nulled by alternate clock phases. Two external 
capacitors are required to store the correcting potentials on 
the two amplifier nulling inputs; these are the only external 
components necessary. 

The clock oscillator and all the other control circuitry is 
entirely self-contained. However the 14-lead version 
Includes a provision for the use of an external clock. If 
required for a particular application. In addition, the 
ICL7650S is internally compensated for unity-gain operation. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 o aaA 


File Number 2920.1 












ICL7650S 


Ordering Information 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ICL7650SCPA-1 

0°C to +70®C 

8 Lead Plastic DIP 

ICL7650SCBD 

0°C to +70°C 

14 Lead SOIC 

ICL7650SCPD 

0°C to +70°C 

14 Lead Plastic DIP 

ICL7650SCBA-1 

0°C to +70°C 

8 Lead SOIC 

ICL7650SCTV-1 

0®C to +70°C 

8 Pin TO-99 Can 

ICL7650SIPA-1 

-25®C to +85®C 

8 Lead Plastic DIP 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ICL7650SIPD 

-25°C to +85°C 

14 Lead Plastic DIP 

ICL7650SIJD 

-25°C to +85°C 

14 Lead Ceramic DIP 

ICL7650SITV-1 

-25°C to +85®C 

8 Pin TO-99 Can 

ICL7650SMJD 

-55®C to +125®C 

14 Lead Ceramic DIP 

JCL7650SMTV-1 

-55°C to +125®C 

8 Pin TO-99 Can 
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Specifications iCL7650S 


Absolute Maximum Ratings 


Supply Voltage (V+ to V-}. 18V 

Input Voltage.(V+ +0.3) to (V- -0.3) 

Voltage on Oscillator Control Pins.V+ to V- 

Duratlon of Output Short Circuit.Indefinite 

Current to Any Pin.10mA 

While Operating (Note 1).lOOpA 

Continuous Total Power Dissipation (Ta = +25°C) 

Ceramic Package.SOOmW 

Plastic Package. 375mW 

TO-99 Can. 250mW 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300®C 


Operating Conditions 

Operating Temperature Range 

ICL7650SC.0°C ^ Ta ^ +70°C 

ICL7650SI.-25°C ^ Ta ^ +85°C 

ICL7650SM.-55°C ^ Ta ^ +125°C 

Storage Temperature Range.-55°C ^ Ta ^ +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ == +5V, V- = -5V, Ta = +25°C, See Test circuit, unless otherwise Specified 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Input Offset Voltage (Note 2) 

■ 

Ta = +25°C 

- 

±0.7 

±5 

pV 

0°C<Ta<+70°C 

- 

±1 

±8 

pV 

-25®C ^ Ta ^ +85°C 

- 

±2 

±10 

pV 

-55°C^Ta^+125°C 

- 

±4 

±20 

pV 

Average Temperature Coefficient of 1 
nput Offset Voitage (Note 2) 

AVosfAT 

0°C:STa<;+70°C 


0.02 

- 

pV/®C 

-25°C ^ Ta ^ +85°C 

- 

0.02 

- 

pv/oc 

-55°C^Ta^+125®C 

o 

0.03 

0.1 

pV/®C 

Change in Input Offset with Time 

AVqq/AT 


- 

100 

- 

nV/Vmonth 

Input Bias Current ll(+)l, ll(-)l 

faiAS 

Ta = + 25°C 


4 

10 

pA 

0°C^Ta<+70°C 


5 

20 

pA 

-25°C<Ta<+85°C 


20 

50 

pA 

-55°C^Ta<+125°C 


20 

50 

pA 

+85°C<Ta<+125°C 

- 

100 

500 

pA 

Input Offset Current\\{-), ll(+)l 

los 



8 

20 

pA 

0°C:STa^+70°C 


10 

40 

pA 

-25°C<Ta^+85°C 


20 

40 

pA 

-55°C^Ta^+125°C 


20 

40 

pA 

+85°C^Ta^+125°C 


20 

50 

pA 

Input Resistance 

R|N 



10^2 


O 















































































































Specifications iCL7650S 


Electrical Specifications V+ = +5V, V- = -5V, = +25°C, See Test circuit, Unless otherwise Specified (Continued) 


LIMITS 

SYMBOL TEST CONDITIONS MIN I TYP 


PARAMETER 


Large Signal Voltage Gain (Note 2) 


Output Voltage Swing (Note 3) 


Common Mode Voltage Range (Note 2) CMVR 


Common Mode Rejection Ratio 
(Note 2) 




Power Supply Rejection Ratio 

PSRR 

Input Noise Voltage 

©N 

Input Noise Current 

>N 

Gain Bandwidth Product 

GBW 

Slew Rate 

SR 

Rise Time 

tfi 

Overshoot 

OS 

Operating Supply Range 

V+ to V- 

Supply Current 

hupp 


Rl = lOkO, Vo « ±4V, 
Ta = +25°C 


0'’C^Ta^+70°C 


-25®C^Ta^+85°C 


-55°C ^ Ta ^ +125°C 


RL=10kO 


RL=100kn 


Ta = +25°C 


0°C^Ta5+70®C 


-25°C ^ Ta ^ +85°C 


-55°C^Ta<+125°C 


CMVR = -5V to +3.5V 
Ta = +25°C 


0°C^Ta<+70°C 


-25°C<Ta<+85°C 


-55°C<Ta<+125°C 


V+,V- = ±3Vto±8V 


Rs = lOOQ. 
f= DC to 10Hz 



No Load, Ta = +25°C 


0°CsTa^+70°C 


-25°C^Ta<+85®C 


-55°C^Ta^+125°C 
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Specifications iCL7650S 


Electrical Specifications V+ ^ +5V, V- = <5V, Ta = +25^C, See Test Circuit, Unless otherwise Specified (Continued) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Output Source Current 

■ 

Ta = +25®C 

2.9 

■■ 

- 

mA 

0®C^Ta<+70°C 

2.3 

- 

- 

mA 

-25®C<Ta<+85°C 

2.2 

- 

- 

mA 

-550C^Ta^+125°C 

2 

- 

- 

mA 

Output Sink Current 

■ 

Ta*+25®C 

25 

30 

- 

mA 

0°C^Ta^+70°C 

20 

- 

- 

mA 

-25°C<Ta^+85°C 

19 

- 

- 

mA 

-55°C^Ta^+125®C 

17 

- 

- 

mA 

Internal Chopping Frequency 

IcH 

Pins 13 and 14 Open 

120 

250 

375 

Hz 

Clamp ON Current (Note 4) 


RL = 100kO,TA = +25°C 

25 

70 

- 

pA 

Clamp OFF Current (Note 4) 


-4V^Vout^+4V, 

Ta = +25°C 

■ 

0.001 

5 

nA 

0°C^Ta^+70°C 

- 

- 

10 

nA 

-25°CsTa^+85°C 

- 


10 

nA 

-56°C<Ta<+125°C 

- 

- 

15 

nA 


NOTES: 

1. Limiting input current to lOOpA is recommended to avoid latchup problems. Typically 1mA is safe, however this is not guaranteed. 

2. These parameters are guaranteed by design and characterization, but not tested at temperature extremes because thermocouple effects 
prevent precise measurement of these voltages in automatic test equipment. 

3. OUTPUT CLAMP not connected. See typical characteristic curves for output swing vs clamp current characteristics. 

4. See OUTPUT CLAMP under detailed description. 

5. Ail significant improvements over the industry-standard ICL7650 are highlighted in bold Italics. 


Test Circuit 


R2 

1MQ 



OUTPUT 


0.1pF 


0.1 pF 
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ICL7650S 


Typical Performance Curves (continued) 



8 10 12 14 

TOTAL SUPPLY VOLTAGE (V) 




■iiiiiiiini 


CHOPPING FREQUENCY- CLOCK OUT (Hz) 


FIGURE 7. INPUT OFFSET VOLTAGE CHANGE vs SUPPLY 
VOLTAGE 


FIGURE 8. INPUT OFFSET VOLTAGE vs CHOPPING 
FREQUENCY 




TIME (ms) 

FIGURE 9. OUTPUT WITH ZERO INPUT; GAIN = 1000; 

BALANCED SOURCE IMPEDANCE s lOkO 



0.01 0.1 1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 

FIGURE 10. OPEN LOOP GAIN AND PHASE SHIFT vs 
FREQUENCY 



0.01 0.1 1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 

FIGURE 11. OPEN LOOP GAIN AND PHASE SHIFT vs 
FREQUENCY 



0 0.5 1.0 1.5 ZO 2.S 

TIME (^S) 

FIGURE 12. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
RESPONSE* 

* The two different responses correspond to the two phases of the clock. 
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Typical Performance Curves (continued) 












CLOCK OUT 
HIGH 








. CLOCK OUT 
LOW 


0 0.5 1.0 1.5 2.0 

TIME (^S) 


^ lOOpA 


FIGURE 13. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
RESPONSE* 

* The two different responses correspond to the two phases of the clock. 


40.8 40.6 40.4 40.2 

OUTPUT VOLTAGE (AV-) 

FIGURE 14. N-CHANNEL CLAMP CURRENT vs OUTPUT 
VOLTAGE 


CM 


< 

^ lOOpA 


•0.8 -0.6 -0.4 -0.2 0 

OUTPUT VOLTAGE (AV4) 

FIGURE 15. P-CHANNEL CLAMP CURRENT V8 OUTPUT VOLTAGE 
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ICL7650S 


Detailed Description 

Amplifier Clock 


The functional diagram shows the major elements of the 
ICL7650S. There are two amplifiers, the main amplifier, and 
the nulling amplifier. Both have offset-null capability. The 
main amplifier is connected continuously from the input to 
the output, while the nulling amplifier, under the control of 
the chopping oscillator and clock circuit, alternately nulls 
Itself and the main amplifier. The nulling connections, which 
are MOSFET gates, are Inherently high impedance, and two 
external capacitors provide the required storage of the null¬ 
ing potentials and the necessary nuiiing-loop time constants. 
The nulling arrangement operates over the full common¬ 
mode and power-supply ranges, and is also independent of 
the output level, thus giving exceptionally high CMRR, 
PSRR, and A^ql* 

Careful balancing of the input switches, and the inherent bal¬ 
ance of the input circuit, minimizes chopper frequency 
charge injection at the input terminals, and also the feed 
forward-type injection into the compensation capacitor, 
which is the main cause of output spikes in this type of 
circuit. 

Intermodulation 

Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite AC gain of the 
amplifier necessitates a small AC signal at the input. This is 
seen by the zeroing circuit as an error signal, which is 
chopped and fed back, thus injecting sum and difference 
frequencies and causing disturbances to the gain and phase 
vs. frequency characteristics near the chopping frequency. 
These effects are substantially reduced in the ICL7650S by 
feeding the nulling circuit with a dynamic current, corre¬ 
sponding to the compensation capacitor current, in such a 
way as to cancel that portion of the input signal due to finite 
AC gain. Since that is the major error contribution to the 
iCL7650S, the intermoduiation and gain/phase disturbances 
are held to very low values, and can generally be ignored. 

Capacitor Connection 

The null/storage capacitors should be connected to the 
Cexta and Cextb P'^s, with a common connection to the 
Cretn Pi>^* This connection should be made directly by 
either a separate wire or PC trace to avoid Injecting load 
current IR drops Into the capacitive circuitry. The outside foil, 
where available, should be connected to Cretn- 

Output Ciamp 

The OUTPUT CLAMP pin allows reduction of the overload 
recovery time inherent with chopper-stabilized amplifiers. 
When tied to the inverting input pin, or summing junction, a 
current path between this point and the OUTPUT pin occurs 
just before the device output saturates. Thus uncontrolled 
input differentials are avoided, together with the consequent 
charge build-up on the correction-storage capacitors. The 
output swing is slightly reduced. 


The ICL7650S has an Internal oscillator, giving a chopping 
frequency of 200Hz, available at the CLOCK OUT pin on the 
14 pin devices. Provision has also been m ade fo r the use of 
an external clock in these parts. The I NT/EXT pin has an 
internal pull-up and may be left open for normal operation, 
but to utilize an external clock this pin must be tied to V- to 
disable the Internal clock. The external clock signal may then 
be applied to the EXT CLOCK IN pin. An internal dlvlde-by- 
two provides the desired 50% Input switching duty cycle. 
Since the capacitors are charged only when EXT CLOCK IN 
is high, a 50% - 80% positive duty cycle is recommended, 
especially for higher frequencies. The external clock can 
swing between V+ and V-. The logic threshold will be at 
about 2.5V below V+. Note also that a signal of about 400 
Hz, with a 70% duty cy cle, w ill be present at the EXT 
CLOCK IN pin with INT/EXT high or open. This Is the 
internal clock signal before being fed to the divider. 

In those applications where a strobe signal is available, an 
alternate approach to avoid capacitor misbalancing during 
overload can be used, if a strobe signal is connected to EXT 
CLK IN so that it is low during the time that the overload 
signal is applied to the amplifier, neither capacitor will be 
charged. Since the leakage at the capacitor pins is quite low 
at room temperature, the typical amplifier will drift less than 
lOpV/sec, and relatively long measurements can be made 
with little change in offset. 

Brief Application Notes 

Component Selection 

The two required capacitors, Cexta and Cextb* have 
optimum values depending on the clock or chopping 
frequency. For the preset Internal clock, the correct value is 
0.1 fiF, and to maintain the same relationship between the 
chopping frequency and the nulling time constant this value 
should be scaled approximately in proportion if an external 
clock is used. A high quality film type capacitor such as 
mylar is preferred, although a ceramic or other lower-grade 
capacitor may prove suitable in many applications. For 
quickest settling on initial turn-on, low dielectric absorption 
capacitors (such as polypropylene) should be used. With 
ceramic capacitors, several seconds may be required to 
settle to 1|iV. 

Static Protection 

All device pins are static-protected by the use of input 
diodes. However, strong static fields and discharges should 
be avoided, as they can cause degraded diode junction 
characteristics, which may result in increased input-leakage 
currents. 





ICL7650S 
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NON-INVERTING AMPLIFIER 


BOARD LAYOUT FOR INPUT 
GUARDING WITH TO-99 PACKAGE 


CAPACITORS 

■ GUARD 
BOTTOM VIEW 


FIGURE 16. CONNECTION OF INPUT GUARDS 


Latchup Avoidance 

Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low-impedance state, resulting in 
excessive supply current. To avoid this condition, no voltage 
greater than 0.3V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be 
established either at the same time or before any input 
signals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 1mA to avoid latchup, 
even under ^ult conditions. 

Output Stage/Load Driving 

The output circuit is a high-impedance type (approximately 
18kO), and therefore with loads less than this value, the 
chopper amplifier behaves in some ways like a transconduc¬ 
tance amplifier whose open-loop gain is proportional to load 
resistance. For example, the open-loop gain will be 17dB 
lower with a 1kO load than with a 10kO load. If the amplifier 
is used strictly for DC. this lower gain is of little conse¬ 
quence, since the DC gain is typically greater than 120dB 
even with a 1 kD load. However, for wideband applications, 
the best frequency response will be achieved with a load 
resistor of lOkD or higher. This will result in a smooth 6dB/ 
octave response from 0.1Hz to 2MHz, with phase shifts of 
less than 10° in the transition region where the main ampli¬ 
fier takes over from the null amplifier. 

Thermo-Electric Effects 

The ultimate limitations to ultra-high precision DC amplifiers 
are the thermo-electric or Peltier effects arising In thermo¬ 
couple junctions of dissimilar metals, alloys, silicon, etc. 
Unless all junctions are at the same temperature, thermo¬ 
electric voltages typically around 0.1pV/°C, but up to tens of 


mV/°C for some materials, will be generated. In order to 
realize the extremely low offset voltages that the chopper 
amplifier can provide, it is essential to take special precau¬ 
tions to avoid temperature gradients. Ail components should 
be enclosed to eliminate air movement, especially that 
caused by power-dissipating elements in the system. Low 
thermoelectric-efficient connections should be used where 
possible and power supply voltages and power dissipation 
should be kept to a minimum. High-impedance loads are 
preferable, and good separation from surrounding heat- 
dissipating elements is advisable. 

Guarding 

Extra care must be taken In the assembly of printed circuit 
boards to take full advantage of the low Input currents of the 
ICL7650S. Boards must be thoroughly cleaned with TCE or 
alcohol and blown dry with compressed air. After cleaning, 
the boards should be coated with epoxy or silicone rubber to 
prevent contamination. 

Even with properly cleaned and coated boards, leakage 
currents may cause trouble, particularly since the input pins 
are adjacent to pins that are at supply potentials. This 
leakage can be significantly reduced by using guarding to 
lower the voltage difference between the inputs and adjacent 
metal runs, input guarding of the 8 pin TO-99 package is 
accomplished by using a 10 lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs 
are empty when it is inserted in the board. The guard, which 
is a conductive ring surrounding the Inputs, Is connected to a 
low Impedance point that is at approximately the same 
voltage as the Inputs. Leakage currents from high-voltage 
pins are then absorbed by the guard. 
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The pin configuration of the 14 pin dual in-line package is 
designed to facilitate guarding, since the pins adjacent to the 
inputs are not used (this is different from the standard 741 and 
101A pin configuration, but corresponds to that of the LM108). 

Pin Compatibility 

The basic pinout of the 8 pin device corresponds, where 
possible, to that of the industry standard 8 pin devices, the 
LM741, LM101, etc. The null-storing external capacitors are 
connected to pins 1 and 8, usually used for offset null or 
compensation capacitors, or simply not connected. In the 
case of the OP-05 and OP-07 devices, the replacement of the 
offset-null pot, connected between pins 1 and 8 and V+, by 
two capacitors from those pins to pin 5, will provide easy 
compatibility. As for the LM108, replacement of the compen¬ 
sation capacitor between pins 1 and 8 by the two capacitors to 
pin 5 is ail that is necessary. The same operation, with the 
removal of any connection to pin 5, will suffice for the LM101, 
HA748, and similar parts. 

The 14 pin device pinout corresponds most closely to that of 
the LM108 device, owing to the provision of “NC” pins for 
guarding between the input and all other pins. Since this 
device does not use any of the extra pins, and has no 
provision for offset-nulling, but requires a compensation 
capacitor, some changes will be required in layout to convert 
it to the ICL7650S. 

Typical Applications 

Clearly the applications of the ICL7650S will mirror those of 
other op-amps. Anywhere that the performance of a circuit 
can be significantly improved by a reduction of Input-offset 
voltage and bias current, the iCL7650S is the logical choice. 
Basic non-inverting and inverting amplifier circuits are shown 
In Figures 17 and 18. Both circuits can use the output clamp¬ 
ing circuit to enhance the overload recovery performance. 
The only limitations on the replacement of other op amps by 
the ICL7650S are the supply voltage (±8V max.) and the out¬ 
put drive capability (lOka load for full swing). Even these 
limitations can be overcome using a simple booster circuit, 
as shown In Figure 19, to enable the full output capabilities 
of the LM741 (or any other standard device) to be combined 
with the input capabilities of the ICL7650S. The pair form a 
composite device, so loop gain stability, when the feedback 
network is added, should be watched carefully. 


Figure 20 shows the use of the clamp circuit to advantage in 
a zero-offset comparator. The usual problem.s in using a 
chopper stabilized amplifier in this application are avoided, 
since the clamp circuit forces the inverting input to follow the 
input signal. The threshold input must tolerate the output 
clamp current« V|n/R without disturbing other portions of the 
system. 

R2 



(R1IIR2) ^ lOOkQ 

FOR FULL CLAMP EFFECT 

FIGURE 18. INVERTING AMPLIFIER WITH (OPTIONAL) CLAMP 

NOTE: R1liR2 indicates the parallel combination of R1 and R2. 

Normal logarithmic amplifiers are limited in dynamic range in 
the voltage-input mode by their Input-offset voltage. The 
built-in temperature compensation and convenience features 
of the ICL8048 can be extended to a voltage-input dynamic 
range of close to 6 decades by using the ICL7650S to offset- 
null the ICL8048, as shown in Figure 21. The same concept 
can also be used with such devices as the HA2500 or 
HA2600 families of op-amps to add very low offset voltage 
capability to their very high slew rates and bandwidths. Note 
that these circuits will also have their DC gains, CMRR, and 
PSRR enhanced. 





FIGURE 19. USING 741 TO BOOST OUTPUT DRIVE CAPACITY 
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FIGURE 17. NON INVERTING AMPLIFIER WITH OPTIONAL 
CLAMP 


FIGURE 20. LOW OFFSET COMPARATOR 


NOTE: R1IIR2 indicates the parallel combination of R1 and IR2. 
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Operational Amplifiers Glossary of Terms 


AVERAGE INPUT OFFSET CURRENT DRIFT - The aver¬ 
age change in offset current between room (+25°C) and high 
temperature (+125°C, +85®C or +75°C) or between room 
temperature and low temperature (0°C, -25°C or -55°C) 
divided by the temperature difference. 

AVERAGE OFFSET VOLTAGE DRIFT - The average 
change in offset voltage between room (+25°C) and high 
temperature (+125°C, +85°C or +75°C) or between room 
temperature and low temperature (0°C, -25°C or -55°C) 
divided by the temperature difference. 

CHANNEL SEPARATION - The ratio of the output of a 
driven amplifier to the output (referred to input) of an 
adjacent undriven amplifier. 

COMMON MODE INPUT VOLTAGE ^ic)' The average of 
the voltages present at the differential input terminals. 

COMMON MODE INPUT VOLTAGE RANGE (V,cr) - The 
range of voltage that if exceeded at either input terminal will 
cause the amplifier to cease operating properly. 

COMMON MODE REJECTION RATIO (CMRR) - The ratio 
of change in input offset voltage to change in input common 
mode voltage, expressed in dB. 

CMRR = aoxlog^gj^y^ 

COMMON MODE RESISTANCE (ric) - The ratio of change 
in input common mode voltage to the resulting change in 
input current. 

DIFFERENTIAL INPUT RESISTANCE (r,D) - The ratio of 
change in input differential voltage (small signal, assumes 
amplifier operating linearly) to the resulting change in 
differential input current. 

FULL POWER BANDWIDTH (FPBW) - The maximum 
frequency at which a full scale undisforted (THD < 1%) sine 
wave can be obtained at the output of the amplifier. 

GAIN BANDWIDTH (GBW) - The open loop gain of an op 
amp (in VA/) at a mid-band, linear region frequency (usually 
between 1kHz and 10kHz) times that frequency (in Hz). 
GBW = lAvoL]*f. 

INPUT BIAS CURRENT (Ibias) - The average of the 
currents flowing into or out of the input terminals when the 
output is at zero volts. 

INPUT CAPACITANCE (Cir) - The equivalent capacitance 
seen looking Into either input terminal. 

INPUT NOISE CURRENT (Ir) - The input noise current that 
would reproduce the noise seen at the output if all amplifier 
noise sources were set to zero and the source impedances 
were large compared to the optimum source Impedance. 


INPUT OFFSET CURRENT (Iqs) - The difference in the 
currents flowing into the two input terminals when the output 
is at zero volts. 

INPUT OFFSET VOLTAGE (V,o) - The differential DC volt¬ 
age required to zero the output voltage with no input signal 
or load, input offset voltage may also be defined for the case 
where two equal resistances are inserted in series with the 
input leads. 

INPUT NOISE VOLTAGE (On) - The input noise voltage that 
would reproduce the noise seen at the output if ail the ampli¬ 
fier noise sources and source resistances were set to zero. 

LARGE SIGNAL VOLTAGE GAIN (Ay) - The ratio of the 
peak to peak output voltage swing (over a specified range) to 
the change in input voltage required to drive the output. 

OUTPUT CURRENT (Iqut) ’ The output current available 
from the amplifier at some specified output voltage. 

OUTPUT RESISTANCE (RO) - The ratio of the change in 
output voltage to the change in output current. 

OUTPUT SHORT CIRCUIT CURRENT (Igc) - The output 
current available from the amplifier with the output shorted to 
ground (or other specified potential). 

OUTPUT VOLTAGE SWING (Vqut) - The maximum output 
voltage swing, referred to ground, that can be obtained 
under specified loading conditions. 

OVERSHOOT - Peak excursion above final value of an out¬ 
put step response. 

POWER SUPPLY REJECTION RATIO (PSRR) - The ratio of 
the change in input offset voitage to the change in power 
supply voltage producing it. 

RISE TIME (tp) - The time required for an output voltage 
step to change from 10% to 90% of its final value, when the 
input is subjected to a small signal voltage pulse. 

SETTLING TIME (Iset) ‘ The time required, after application 
of a step input signal, for the output voltage to settle and 
remain within a specified error band around the final value. 

SLEW RATE (SR) - The rate of change of the output under 
large signal conditions. Siew rate may be specified 
separately for both positive and negative going changes. 

SUPPLY CURRENT (Is) - The current required from the 
power supply to operate the amplifier with no load and the 
output at zero volts. 

SUPPLY VOLTAGE RANGE - The range of power supply 
voltage over which the amplifier may be safely operated. 

UNITY GAIN BANDWIDTH - The frequency range from DC to 
that frequency where the amplifiers open loop gain is unity. 
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COMPARATORS 

General Purpose Electrical Characteristics, = +25°C 


TYPE 

Vk> 

MAX 

(mV) 

l| 

MAX 

(nA) 


MAX 

V+,V- 

Aql 

MIN 

(dB) 

RESPONSE 

TIME 

LEAD COUNT 
ANDPACKAGE 
TYPE* 

COMMENTS 

SINGLE UNIT TYPE 

CA3098 

15 

100 

0.8 

±8 

* 

900ns 

8E 

Dual Input level 
detector with 
Schmitt Trigger 

DUAL UNIT TYPES 

CA3290 

20 

50pA 

3 

±18 

88 

tR= 1.2ms. 
tp = 200ns 

8E, 8S,8T, 14E1 


CA3290A 

10 

40pA 

3 

±18 

88 

8E, 8S, 8T, 14E1 


QUAD UNIT TYPES 

CA139 

5 

100 

8 

±18 


tp = 1.3ps, 
tp = 750ns 

14E 


CA139A 

2 

100 

8 

±18 

94 

14E 


CA239 

5 

250 

2 

±18 

- 


14E 


CA239A 

2 

250 

2 

±18 

94 


14E 


CA339 

5 

250 

2 

±18 

94 


14E 


CA339A 

2 

250 

2 

±18 

94 


14E 



TYPE 

Vk) 

(mV) 

l|0 

(nA) 

RESPONSE 

TIME 

LEAD COUNT 
ANDPACKAGE 
TYPE* 

COMMENTS 

HA-4900 

2 

10 

130ns 

16 

Single or dual supply. Analog and logic supplies 
separated for easier interface and noise immunity. 

HA-4902 

2 

10 

130ns 

16 

HA-4905 

4 

25 

130ns 

16 


* See Packaging Information in Section 11. 


ULTRA HIGH SPEED COMPARATORS 


TYPE 

PROPAGATION 

DELAY 

(ns) 

TRACKING 

BANDWIDTH 

(MHz) 

V,o 

(mV) 

LARGE SIGNAL 
VOLTAGE 
GAIN 
(V/V) 

COMMENTS 

HFA-0003 

2.0 

270 

1 

3100 

Direct Output Version 

HFA-0003L 

2.1 

270 

1 

3100 

Latched output version with user 
Programmable Hysteresis Control 
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CA139, CA239 
CA339, LM339* 

Quad Voltage Comparators for Industrial, 
Commercial and Military Applications 


Features 

• Operation from Single or Dual Supplies 

• Common Mode Input voltage Range to GND 

• Output Voltage Compatible with TTL, DTL, ECL, MOS 
and CMOS 

• Differential Input Voltage Range Equal to the Supply 
Voltage 

• Maximum Input Offset Voltage (V|o) 

- CA139A, CA239A, CA339A.2mV 

- CA139, CA239, CA339.5mV 

• Replacement for Industry Types 139, 239, 339, 139A, 
239A, 339A 

Applications 

• Square Wave Generator 

• Time Delay Generators 

• Pulse Generators 

• Multivibrators 

• High Voltage Digital Logic Gates 

• A/D Converters 

• MOS Clock Timers 


Description 

The CA139, CA239, CA339, CA139A, CA239A, and 
CA339A types consist of four independent single or dual 
supply voltage comparators on a single monolithic substrate. 
The common mode Input voltage range includes ground 
even when operated from a single supply, and the low power 
supply current drain makes these comparators suitable for 
battery operation. These types were designed to directly 
interface with TTL and CMOS. 

Types CA139A, CA239A, and CA339A have all the features 
and characteristics of their prototype counterparts CA139, 
CA239, and CA339 plus an even lower Input offset voltage 
characteristic. These devices are supplied in a 14 lead Small 
Outline package (M suffix). In a 14 lead dual-in-line plastic 
package (E suffix) and in a 14 lead dual-in-line hermetic (frit 
seal) ceramic package (F suffix). The CA339 is also 
available in chip form (H suffix). 

‘Technical data on LM339 is identical to CA339. 



Pinout 

CA139, CA139A, CA239, CA239A, CA339 (PDIP, CDIP, SOIC) 
CA339A (PDIP SOIC) 

LM339, LM339A (PDIP) 

TOP VIEW 


NEC. INPUT 1 


POS. INPUT 1 


NEG. INPUT 2 


POS. INPUT 2 



POS. INPUT 4 


NEG. INPUT 4 


POS. INPUTS 


NEG. INPUTS 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures, 
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Specifications CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage.36V or ±18V Operating Temperature Range.-55°C to +125°C 

Differential Input Voltage.36V Storage Temperature Range.-65°C to +150°C 

Input Voltage.-0.3V to +36V Thermal Package Characteristics {°C/W).. Gj^ Gjc 


Input Current (V| < -0.3V) Note 4.50mA Ceramic DIP Package. 71 14 

Output Short Circuit Duration (Single Supply) Note 5 .. Continuous Plastic DIP Package. 107 38 

Junction Temperature.+175®C SOIC Package. 119 36 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses ebove those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ s SV, unless otherwise Specified 


PARAMETER 


Input Offset Voltage 


Differential Input Voltage 


Saturation Voltage 



Keep All Inputs ^ OV for V- (if used), 
Notes 1,2 


V,- = IV, V,+ = OV, 
•sink ^ 4mA 


Common Mode Input 
Voltage Range 


Input Offset Current 


Input Bias Current 


Total Supply Current 


Output Leakage Current 


Output Sink Current 


Voltage Gain 


Large Signal Response 
Time 


Response Time 
(Figures 3 and 4) 




Ta = +25'»C 


Note 1 


Ta = +25°C 


Note 1 


Ta = +25°C 


Note 1 


li+ or l|- with Output in | T^ = +25°C 
Linear Range 


= oo on All Comparators, 
r +25°C 



V|+>1V, V,- = 0V, 
Vo = 5V 


V,+ ^1V,V,- = 0V, 
Vo = 30 V 


V|->1V, V,+ = 0V, Vo<1.5V, 
Ta = +25°C 


Rl ^ 15kQ, V+ = 15V, Ta = +25°C 


V| = TTL Logic Swing, Vref = 1 -^V, 
Vrl = 5V, Rl = 5.1 kQ. T^ = +25°C 



= 5.1 kQ, Ta = +25°C 


s 25 

100 

- 

25 

- 

300 

- 

- 

0.8 

2 

- 

0.8 

0.1 

- 

- 

0.1 

- 

1 

- 

‘ 

16 

- 

6 

16 

200 

- 

50 

200 

300 

- 

- 

300 

1.3 

- 

- 

1.3 



Electrical Specifications V+ r: sV, unless otherwise Specified 


PARAMETER 


Input Offset Voltage 



Vref=1.4V. Rs = 0. 

Output Switch Point i m-.. ^ 

v=i.4v r 


3 - 




































































































































































Specifications CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A 


Electrical Specifications V-I- rr sv, unless otherwise Specified (Continued) 


PARAMETER 


Differential Input Voltage 


Saturation Voltage 


Common Mode Input 
Voltage Range 


Input Offset Current 


Input Bias Current 


Total Supply Current 


Output Leakage Current 


Output Sink Current 


Voltage Gain 


Large Signal Response 
Time 





Keep All Inputs k OV for V- (if used). 
Notes 1,2 

V,- = 1V, V|+ = OV, 

Ta = +25°C 

■sink ^ 4mA 

Note 1 

Note 3 

Ta = +25°C 


Note 1 

l,+ .|,- 

Ta = +25®C 


Note 1 

li+ or l|- with Output in 

Ta = +25°C 

Linear Range 

Note 1 

Rl = oo on All Comparators, 
Ta=+25°C 

V|+ ^ 1V, V|- = OV, 

Vo = 5V 

Ta = +25°C 

V|+ ^ IV, V,- = OV, 

Vo = 30 V 

Note 1 

V,- ^ 1V, V|+ = OV, Vo 
Ta = +25°C 

^1.5V, 

Rl ^ 15kO, V+ = 15V, Ta = +25°C 

V| = TTL Logic Swing, Vrep = 1.4V, 
Vrl = 5V, Rl = 5.1 kQ, Ta = +25°C 


17irniKTr3ll!7Tl 


CA239A, CA339A 



25 

250 

- 

25 

- 

400 

- 

- 

0.8 

2 

- 

0.8 

0.1 

- 

- 

0.1 

- 

1 

- 

- 

16 

- 

6 

16 

200 

- 

50 

200 

300 

- 

- 

300 

1.3 

- 

- 

1.3 


nA 


nA 


nA 


nA 


mA 


nA 


\lA 


mA 


V/mV 


ns 


\iS 



Response Time 
(Figures 3 and 4) 


NOTES: 

1. Ambient Temperature (Ty^) applicable over operating temperature range as shown below. 

CA139, CA139A = -55°C to +125°C; CA239, CA239A = -25°C to +85°C; CA339, CA339A = 0°C to +70°C 

2. The comparator will provide a proper output state even if the positive swing of the inputs exceeds the power supply voltage level, if the 
other input remains within the common mode voltage range. The low input voltage state must not be less than -0.3V (or 0.3V below the 
magnitude of the negative power supply, if used). 

3. The upper end of the common mode voltage range Is (V+) -1.5V, but either or both inputs can go to +30V without damage. 

4. Inputs must not go more negative than -0.3V. 

5. Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current Independent of 
V+ is approximately 20mA. 
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SUPPLY CURRENT (mA) 


CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A 


Typical Performance Curves 



0 10 20 30 

POSITIVE SUPPLY VOLTAGE (V) 


FIGURE 1. SUPPLY CURRENT vs SUPPLY VOLTAGE 




0 0.5 1.0 1.5 2.0 


TIME (ms) 

FIGURE 3. RESPONSETIME FOR VARIOUS INPUT OVERDRIVES 
- NEGATIVE TRANSITION 



TIME (MS) 

FIGU RE 4. RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES 
- POSITIVE TRANSITION 



10*2 .,0-1 lO® 10^ 102 

OUTPUT SINK CURRENT (mA) 

FIGURE 7. OUTPUT SATURATION VOLTAGE vs OUTPUT SINK CURRENT 


3-6 


INPUT VOLTAGE (mV) 



















SEMICONDUCTOR 


CA3098 
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Programmable Schmitt Trigger - with Memory 
Dual Input Precision Level Detectors 


Features 

• Programmable Operating Current 

• Micropower Standby Dissipation 

• Direct Control of Currents Up to.150mA 

• Low Input On/Off Current of Less Than InA for 
Programmable Bias Current of I^A 

• Built-In Hysteresis.20mV (Max) 

Applications 

• Control of Relays, Heaters, LEDs, Lamps, Photosensitive 
Devices, Thyristors, Solenoids, etc. 

• Signal Reconditioning 

• Phase and Frequency Modulators 

• On/Off Motor Switching 

• Schmitt Triggers, Level Detectors 

• Time Delays 

• Overvoltage, Overcurrent, Overtemperature Protection 

• Battery-Operated Equipment 

• Square and Triangular-Wave Generators 

Ordering Information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA3098E -55®C to +125°C 8 Lead Plastic DIP 


Description 

The CA3098 Programmable Schmitt Trigger is a monolithic 
silicon integrated circuit designed to control high operating 
current loads such as thyristors, lamps, relays, etc. The 
CA3098 can be operated with either a single power supply 
with maximum operating voltage of 16V, or a dual power 
supply with maximum operating voltage of ±8V. It can 
directly control currents up to 150mA and operates with 
microwatt standby power dissipation when the current to be 
controlled is less than 30mA. The CA3098 contains the 
following major circuit function features (see Block Diagram): 

1. Differential amplifiers and summer: the circuit uses two 
differential amplifiers, one to compare the input voltage 
with the “high” reference, and the other to compare the in¬ 
put with the “low” reference. The resultant output of the 
differential amplifiers actuates a summer circuit which de¬ 
livers a trigger that initiates a change in state of a flip-flop. 

2. Flip-flop: the flip-flop functions as a bistable “memory” el¬ 
ement that changes state In response to each trigger 
command. 

3. Driver and output stages: these stages permit the circuit 
to “sink” maximum peak load currents up to 150mA at 
terminal 3. 

4. Programmable operating current: the circuit incorporates 
access at terminal 2 to permit programming the desired 
quiescent operating current and performance 
parameters. 


CO 


Pinout 


CA3098 
(PDIP) 
TOP VIEW 



Block Diagram 


“HIGH” 
REF. (HR) 


7j HIGH REF. 


5^ CURRENT 
CONTROL 



^ PROGRAMMABLE 
2) BIAS CURRENT 
T 'NPUTtiBjAs) 


FLIP-FLOP 11 
(MEMORY) I |l>RIVra 


OUTPUT 

CURRENT 

CONTROL 


“SINK 

OUTPUT’ 





CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA3098 


Absolute Maximum Ratings 


Supply Voltage Between V+ and V-...16V 

Voltage Between High Reference or Sink Output and V-.16V 

Differential Input Voltage Between Terminals 8 and 1.10V 

and Terminals 7 and 8 

Load Current (Terminal 3) (Duty Cycle ^5%).150mA 

Input Current to Voltage Regulator (Terminal 5).25mA 

Programmable Bias Current (Terminal 2).1mA 

Output Current Control (Terminal 5).15mA 

Power Dissipation 

UptoTA = +55®C. 990mW 

Above Ta = +55°C.Derate Linearly at 10.42mW/°C 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 


Operating Conditions 


Operating Temperature Range.-55°C +125°C 

Storage Temperature Range..-65®C ^ Ta ^ +150°C 

Operating Voltage Range 

+iN.V-toV+ 

HIGH REF.(V- + 2.0V)toV+ 

LOW REF.(V-)to(V+-2.0V) 

Thermal Package Characteristics (°C/W) 0ja Ojc 

Plastic DIP Package. 96 34 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any oUier conditions above those indicated in the (^erational sections of this specification is not implied. 


Eiectricai Specifications Ta = +25°C unless otherwise Specified 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

input Offset Voltage 

“Low" Reference (See Figures 2,5) 

V|0(LR) 

Vlr = GND, Vhr = V+ to (V- + 2V), 

•bias = lOOpA 

-15 

-3 

6 

mV 

“High Reference (See Figures 2,6) 

V|0(HR) 

Vhr = GND, Vlr = V- to (V+ - 2V), 

•bias = 100pA 

-10 

■ 

10 

mV 

Temperature Coefficient 

“Low" Reference (See Figure 7) 


-55°Cto+125°C 



■ 

pV/°C 

“High” Reference (See Figure 8) 


-55°Cto+125®C 

- 

±8.2 

- 

pV/°C 

Minimum Hysteresis 

Voltage (Figure 9) 

V|0(HR-LR) 

Vreq = OV (Note 1), V+ = 4V, V- = -4V, 

•BIAS = 1|iA 

■ 

3 

20 

mV 

Temperature Coefficient (Figure 10) 


-55°Cto+125®C 

- 

6.7 

- 

pV/°C 

Output Saturation Voltage 
(Figures 11,12) 

VcE(SAT) 

V, = 5V, Vreq = 6V (Note 1), V+ = 12 V, 

•bias = lOOfiA 

■ 

0.72 

1.2 

m 

Total Supply Current 
"ON” (Figures 3,13,14) 

■ 

V, = 6V, Vreq > 6V (Note 1), V+ = 16V, 
•bias= lOOpA 

500 

710 

800 

pA 

“OFP (Flgures3,13,14) 

V, = 10V, Vreq < 10V (Note 1), 
V+=16 V,Ibias = 100pA 

400 

560 

750 

pA 

Input Bias Current (Figures 3,15) 

•b(PNP) 

■ 

V, = 16V, Vreq < 16V (Note 1), 
V+=16V, Ibias^IOOpA 

■ 

42 

100 

nA 

•b(NPN) 

V, = 6V, Vreq > 6V (Note 1), V+ = 16V, 

•bias = ‘•OOfiA 

- 

28 

100 

nA 

Output Leakage Current 

*CE(OFF) 

Current from Terminal 3 when Q46 is 
“OFP 

- 

- 

10 

pA 

Switching Times (Figures 4,16-27) 

Delay Time 

b 

Ibias = lOOpA, V+ = 5V, Vreq = 2.5V 
(Note 1) 

■ 

900 

■ 

ns 

Fall Time 

tp 

- 

30 

- 

ns 

Rise Time 

tR 

- 

2000 

- 

ns 

Storage Time 

ts 

- 

6.5 

- 

ps 

Output Current (Note 2) 

lo 


100 

- 

- 

mA 


NOTES: 

1. For definition of Vreq see Figure 3. 

2. Continuous (DC) output current must be limited to ^40mA. For 100mA output current, the duty cycle must be <40%. 




















































































































CA3098 



General Description of Circuit Operation 


When the signal input voltage of the CA3098 Is equal to or 
less than the “low” reference voltage (LR), current flows from 
an external power supply through a load connected to 
Terminal 3 (“sink” output). This condition is maintained until 
the signal input voltage rises to or exceeds the “high” 
reference voltage (HR), thereby effecting a change in the 
state of the flip-flop (memory) such that the output stage 
interrupts current flow in the external load. This condition, in 
turn, is maintained until such time as the signal again 
becomes equal to or less than the “low” reference voltage. 

The CA3098 comparator is unique in that it contains circuit 
provisions to permit programmability. This feature provides 
flexibility to the designer to optimize quiescent power 
consumption, input circuit characteristics, hysteresis, and 
additionally permits independent control of the comparator, 
namely, pulsing, strobing, keying, squelching, etc. Program¬ 
mability is accomplished by means of the bias current (Ibias) 
supplied to Terminal 2. 

An auxiliary means of controlling the magnitude of load 
current flow at Terminal 3 is provided by “sinking” current Into 
Terminal 5. Figure 1 highlights the operation of the CA3098 
when connected as a simple hysteresis switch (Schmitt 
trigger). 



SEQUENCE 


INPUT SIGNAL OUTPUT VOLTAGE (V) 
LEVEL (TERMINALS) 


FIGURE 1. BASIC HYSTERESIS SWITCH (SCHMITT TRIGGER) 
AND RESULTANT OUTPUT STATES 
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CA3098 


Metallization Mask Layout 


0 10 20 30 40 50 58 



63(1.600) 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. Grid 
graduations are in mils (10*® inch). 

66 (1.676) The layout represents a chip when it is part of the wafer. 

When the wafer is cut into chips, the cleavage angles are 
57® instead of 90® with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 
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CO 


-1.5'-'-»- 

-75 -50 -25 


!5 0 25 50 75 100 125 

AMBIENT TEMPERATURE (®C) 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE fC) 


FIGURE7. INPUT OFFSET VOLTAGE ("LOW” REFERENCE) VS FIGURES. INPUT OFFFSET VOLTAGE ("HIGH" REFERENCE) 

AMBIENT TEMPERATURE vs AMBIENT TEMPERATURE 



Ta = 
Vhr 

+25®C, V+ 
*6V.Vu,. 

1 1 

-•t-12V, 

6V 

II 






1 

MB 

1 


1 

SH 


1 


1 

1 

■1 


1 


1 




PROGRAMMING BIAS CURRENT ()iA) 


-100 -75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE C*C) 


FIGURE 9. MINIMUM HYSTERESIS VOLTAGE vs PROGRAM- FIGURE 10. MINIMUM HYSTERESIS VOLTAGE vs AMBIENT 
MING BIAS CURRENT TEMPERATURE 
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CA3098 


Typical Performance Curves (Continued) 



OUTPUT SINK CURRENT (mA) AMBIENT TEMPERATURE (®C) 

FIGURE 11. OUTPUT SATURATION VOLTAGE vs OUTPUT FIGURE 12. OUTPUT SATURATION VOLTAGE vs AMBIENT 

SINK CURRENT TEMPERATURE 



* See Figure 3 for definition of Vreg 

FIGURE 13. TOTAL SUPPLY CURRENT vs PROGRAMMING 


BIAS CURRENT 


800 

Ibias 

«100| 

lA 













__ 

__ 



z 600 

K 

8 

^ 400 

o. 

3 

(0 

d 300 





































200 











-75 -50 -25 0 25 50 75 1 00 1 25 


AMBIENT TEMPERATURE {^C) 

FIGURE 14. TOTAL SUPPLY CURRENT vs AMBIENT TEMPER¬ 
ATURE 



PROGRAMMING BIAS CURRENT (^A) 

* See Figure 3 for definition of Vreq 

FIGURE 15. INPUT BIAS CURRENT vs PROGRAMMING BIAS 
CURRENT 



5 10 15 

POSITIVE SUPPLY VOLTAGE (V) 

FIGURE 16. DELAY TIME vs SUPPLY VOLTAGE 









CA3098 


Typical Performance Curves (Continued) 


Tas:+25®C 

Ibias = ioo^a 

VlR*Vhr*Vreg»V+>2 


Ta*+25®C 

Ibias* 

Vlr « Vhr ■ Vreg a V+/2 


POSITIVE SUPPLY VOLTAGE (V) 


POSITIVE SUPPLY VOLTAGE (V) 


FIGURE 17. STORAGE TIME vs SUPPLY VOLTAGE 


FIGURE 18. OUTPUT FALL TIME vs SUPPLY VOLTAGE 


TAa+25®C 

Ibias 

;4000 Vlr« Vhr*Vreg*V+/2 


SUPPLY VOLTAGE a 5V 
2400 Vu,aVHR.VREG-2.5V 


POSITIVE SUPPLY VOLTAGE (V) 

FIGURE 19. OUTPUT RISE TIME vs SUPPLY VOLTAGE 


AMBIENT TEMPERATURE (®C) 

FIGURE 20. OUTPUT RISE TIME V 8 AMBIENT TEMPERATURE 


SUPPLY VOLTAGE a 5V 

^ lBIAS*100|iA 

1 40 ■ Vlr = Vhr = Vreg»2.5V 


9000 - 

SUPPLY VOLTAGE a 5V 

•bIAS“100jiA 

»000 VLRaVHR-VREG»2.5V 


-40 -20 0 20 40 60 80 

AMBIENT TEMPERATURE (®C) 

FIGURE 21. OUTPUT FALL TIME vs AMBIENT TEMPERATURE 


AMBIENT TEMPERATURE (®C) 

FIGURE 22. STORAGE TIME vs AMBIENT TEMPERATURE 
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Typical Performance Curves (Continued) 




AMBIENT TEMPERATURE (OC) PROGRAMMING BIAS CURRENT (pA) 

FIGURE 23. DELAY TIME VS AMBIENT TEMPERATURE FIGURE 24. DELAY TIME vs PROGRAMMING BIAS CURRENT 




PROGRAMMING BIAS CURRENT (nA) PROGRAMMING BIAS CURRENT (^lA) 

FIGURE 25. STORAGE TIME vs PROGRAMMING BIAS CUR- FIGURE 26. OUTPUT FALL TIME vs PROGRAMMING BIAS 
RENT CURRENT 



0 500 1000 

PROGRAMMING BIAS CURRENT ()iA) 

FIGURE 27. OUTPUT RISE TIME vs PROGRAMMING BIAS CURRENT 
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MT1 
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Typical Applications (Continued) 



TRIQQER 

INPUT 

ZTL 



DESIRED toN VALUE OF Cl 
(ms) (UF) 


NOTE: input pulse must be greater than 1 ms but less than desired toN 


OFF/ON CONTROL OF TRIAC WITH PROGRAMMA¬ 
BLE HYSTERESIS 


FIGURE 33. ONE SHOT MULTIVIBRATOR 
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CA3290 


March 1993 


BiMOS Dual Voltage Comparator 
with MOSFET Input, Bipolar Output 


Features 

• MOSFET Input Stage 

- Very High Input Impedance (Z||y|).1.7TO (Typ.) 

- Very Low Input Current at V-i- = 5V.3.5pA (Typ.) 

- Wide Common Mode Input Voltage Range (V|cr) can 
be swung 1.5V (Typ.) Below Negative Supply Volt¬ 
age Rail 

- Virtually Eliminates Errors Due to Flow of Input 
Currents 

• Output Voltage Compatible with TTL, DTL, ECL, MOS, 
and CMOS Logic Systems in Most Applications 

Applications 

• High Source Impedance Voltage Comparators 

• Long Time Delay Circuits 

• Square Wave Generators 

• A/D Converters 

• Window Comparators 


Pinouts CA3290/A (PDIP) 

TOP VIEW 


Description 

The CA3290A and CA3290 types consist of a dual voltage 
comparator on a single monolithic chip. The common mode 
input voltage range includes ground even when operated 
from a single supply. The low supply current drain makes 
these comparators suitable for battery operation; their 
extremely low input currents allow their use In applications 
that employ sensors with extremely high source Imped¬ 
ances. Package options are shown in the table below. 

Ordering Information 


OUTPUT (A1) LL 
INV. INPUT (A1) [T 
NON-INV. INPUT (A1) 

V- [± 


CA3290A, CA3290 (PDIP) 
TOP VIEW 



INV.INPUT(A1)| 

NON-INV. INPUT (A1) | 

NC*| 

v-i 

NC*| 

NON-INV. INPUT (A2) I 
INV INPUT (A2) I 
* Tie to GNO or V-i- for best Input/Output Isolation 


iMl 

IP 



NC* 

NC* 

OUTPUT (A1) 
V+ 

OUTPUT (A2) 
NC* 

NC* 


CA3290A, CA3290, CA3290B (TO-5 CAN) 
TOP VIEW 


OUTPUT (A1)U/ 
INV INPUT (A1) (2^ 
NON-INV. INPUT (At)© 


r-TAB 

Q OUTPUT (A2) 

INV INPUT (A2) 
NON-INV. INPUT (A2) 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

CA3290AE 

-55°C to +125°C 

8 Lead Plastic DIP 

CA3290AE1 

-55°C to +125°C 

14 Lead Plastic DIP 

CA3290AT 

-55°C to -i-125°C 

8 Pin TO-5 Can 

CA3290BT 

-55°C to +125°C 

8 Pin TO-5 Can 

CA3290E 

-55°C to +125°C 

8 Lead Plastic DIP 

CA3290E1 

-55°C to +125°C 

14 Lead Plastic DIP 

CA3290T 

-55°C to +125°C 

8 Pin TO-5 Can 


8j V+ 

3 OUTPUT (A2) 

3 «NV INPUT (A2) 

3 NON-INV. INPUT (A2) 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA3290, CA3290A 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage Operating Temperature Range.“55°C ^ < +125° 

Single Supply.+36V Storage Temperature Range.-65°C < T^ < +150° 

Dual Supply.±18V Thermal Package Characteristics (°C/W) Oja 0jc 

Differential Input Voltage.36V or [(V+ - V-) +5V] 8 Lead Plastic DIP Package. 94 32 

(whichever is less) 14 Lead Plastic DIP Package. 107 38 

DC Input Voltage.V+ +5V to V- -5V TO-5 Can Package. 114 35 

Output to V- Short Circuit Duration (Note 1). Continuous 

Input Current.1mA 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any odier conditions above those indicated in the operationai sections of this specification is not impiied. 


Operating Conditions 

Operating Temperature Range. 

Storage Temperature Range. 

Thermal Package Characteristics (°C/W) 

8 Lead Plastic DIP Package. 

14 Lead Plastic DIP Package. 

TO-5 Can Package. 


Electrical Specifications V- =: OV, unless otherwise Specified 


PARAMETER 


Input Offset Voltage 



Temperature Coefficient AViq/AT 
of Input Offset Voltage 


Input Offset Current 


Ta = 

-55°Cto+125°C, 


VCM 

= Vo = 0V,V+ = +15V, 

v- = 

-15V 


Ta = 

+25°C.Vcm = Vo 

= 1.4V, 

v+ = 

= 5V 


Ta = 

+25°C,Vcm = Vo 

= 0V, 

v+ = 

:+15V,V- = -15V 




TA = -55°Cto+125°C, 
Vcm = 1.4V,V+ = 5V 


Ta = -55°C to +125°C, 
Vcm = 0V,V+=:+15V, 
V- = -15V 


Ta = +25°C.Vcm = 1.4V. 
V+ = 5V 


Ta = +25°C.Vcm = 0V. 
V+ = +15V.V- = -15V 


Ta = +125°C.Vcm = 1.4V. 
V+ = 5V 


Ta=+125°C.Vcm = 0V, 
V+ = +15V,V- = -15V 


Ta = +25°C.Vcm = 1.4V, 
V+ = 5V 


Ta = +25°C.Vcm = 0V, 
V+=:+15V,V- = -15V 




Ta = +25°C, Rl = oo, V+ = 5V 



0.8 1.4 


1.35 3.0 



3.5 50 pA 


12 50 pA 


0.85 1.6 I mA 


1.62 3.5 I mA 


0.8 1.4 I mA 


1.35 3.0 I mA 
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Specifications CA3290, CA3290A 


Electrical Specifications v- = ov, unless otherwise Specified (Continued) 


PARAMETER 


Voitage Gain 


Saturation Voltage 





Output Leakage Current 


Common Mode Input 
Voltage Range 


Common Mode 
Rejection Ratio 


Power Supply Rejection 
Ratio 


Output Sink Current 


Response Time Rising 
Edge 


Response Time Falling 
Edge 


Large Signal Response 
Time 


TEST CONDITIONS 


TA = -55°Cto+125°C. 

Rl = 15kQ, V+ = -i-l 5V, V- = -15V 


Ta = +25°C, RL=15kQ, 
V+=:+15V,V- = -15V 


Ta = +125°C, Isink * 4mA, 
V+ = 5V, +V, * OV, -V| = 1V 


Ta = -55°C, IsiNK = 4mA, 

V+ = 5V, +V,=:0V, -V,= 1V 


Ta = +25°C, IsiNK = 4mA, 
V+ = 5V,+V,=rOV,-V, = 1V 






Ta = +25°C,V+=:15V 


Ta = +25°C,V+ = 36V 


Ta = +25°C, Vo = 1.4V, V+ = 5V I V+-3.5 V+-3.1 


Ta = +25°C,Vo = 0V, 
V+S+15V, V- = -15V 


Ta = +25°C,V+ = +15V, 
V- = -15V 


Ta = +25°C,V+ = 5V 


Ta = +25°C, V+ = +15V, 
V- = -15V 


Ta = +25°C, Vo = 1.4V, V+ = 5V 


Ta = +25°C, RL = 5.1kn, 
V+ = 15V 


Ta = +25°C, RL = 5.1kQ, 
V+ = 15V 


Ta = +25°C, RL = 5.1ka, 
V+ = 15V 


Ta = +25°C, RL = 5.1kQ, 
V+=s5V 


1. Short circuits from the output to V+ can cause excessive heating and eventual destruction of the device. 
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CA3290, CA3290A 


Circuit Description 

The Basic Comparator 

Figure 1 shows the basic circuit diagram for one of the two 
comparators in the CA3290. It is generically similar to the 
industry type “139” comparators, with PMOS transistors 
replacing p-n-p transistors as input stage elements. Transis¬ 
tors Q1 through Q4 comprise the differential input stage, 
with Q5 and Q 6 serving as a mirror connected active load 
and differential-to-single-ended converter. The differential 
input at Q1 and Q4 is amplified so as to toggle Q 6 In 
accordance with the input signal polarity. For example, if 
+ViN Is greater than -V|n, Q 1 , Q 2 , and current mirror 
transistors Q5 and Q 6 will be turned off; Transistors Q3, Q4, 
and Q7 will be turned on, causing Q 8 to be turned off. The 
output is pulled positive when a load resistor is connected 
between the output and V+. 

In essence, Q1 and Q4 function as source followers to drive 
Q 2 and Q3, respectively, with zener diodes D1 through D4 
providing gate oxide protection against input voltage 
transients (e.g., static electricity). The current flow in Q1 and 
Q4 is established at approximately SO^A by constant current 
sources l-j and I 3 , respectively. Since Q1 and Q4 are 
operated with a constant current load, their gate-to-source 
voltage drops will be effectively constant as long as the input 
voltages are within the common-mode range. 

As a result, the input offset voltage (Vgs(qi) + Vbe(Q 2 ) • 
Vbe(Q 3 ) " Vgs(Q 4 )) will not be degraded when a large 
differential dc voltage is applied to the device for extended 
periods of time at high temperatures. 


Additional voltage gain following the first stage is provided by 
transistors Q7 and Q 8 . The collector of Q 8 is open, offering 
the user a wide variety of options in applications. An 
additional discrete transistor can be added if it becomes 
necessary to boost the output sink current capability. 

The detailed schematic diagram for one comparator and the 
common current source biasing Is shown on the front page. 
PMOS transistors Q9 through Q 12 are the current source 
elements identified in Figure 1 as 1^ through I 4 , respectively. 
Their gate source potentials (Vqs) are supplied by a com¬ 
mon bus from the biasing circuit shown In the right hand por¬ 
tion of the Schematic Diagram. The currents supplied by 
Q10 and Q12 are twice those supplied by Q9 and Q 11 . The 
transistor geometries are appropriately scaled to provide the 
requisite currents with common Vqs applied to Q9 through 
Q12. 


v+ 



FIGURE 1. BASIC CIRCUIT DIAGRAM FOR ONE OF THE TWO 
COMPARATORS 


Metaiiization Mask Layout 



The photographs and dimensions of each chip represent a chip 
when it is part of the wafer. When the wafer is cut Into chips, the 
cleavage angles are 57® Instead of 90® with respect to the face of 
the chip. Therefore, the isolated chip is actually 7 mils {0.17mm) 
larger in both dimensions. 

Dimensions in parentheses are in millimeters and are derived from 
the basic Inch dimensions as indicated. Grid graduations are in mils 
(10-® inch) 

NOTE: Numbers in pads are for 8 lead DIP and TO-5 Can and num¬ 
bers outside of chip are for 14 lead DIP 






CA3290, CA3290A 





OUTPUT 


Jest Circuits and Waveforms 


FIGURE 3. NON-INVERTING COMPARATOR RESPONSE TIME TEST CIRCUIT AND VITAVEFORMS 


>1^ 


OVERDRIVE 


FIGURE 4. INVERTING COMPARATOR RESPONSE TIME TEST CIRCUIT AND WAVEFORMS 


Cc*2pF 


FIGURE 2. PARASITIC OSCILLATIONS TEST CIRCUIT AND WAVEFORMS 


INPUT 

OVERDRIVE 


TO10X 

SCOPE 

PROBE 


+15V 


5mV 20mV 100mV 

OVERDRIVE OVERDRIVE OVERDRIVE 


INPUT 

OVERDRIVE 


5mV 20mV lOOmV 
OVERDRIVE OVERDRIVE OVERDRIVE 


WITH Cc 


Top Trace « 4.5rTiV/Div = V|n 
B ottom Trace = 10V/Dlv = Vqut 
H = 5ps/Div 


WITHOUT Cc 


Top Trace » 4.5mV/Div 
Bottom Trace = 10V/Div 
H = 6ns/Div 


/ \ N 

lOOmV 20mV 5mV 

OVERDRIVE OVERDRIVE OVERDRIVE 


\ 

100mV 20mV 5mV 

OVERDRIVE OVERDRIVE OVERDRIVf 
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CA3290, CA3290A 


Typical Performance Curves (Continued) 



10^A 100^A 1mA 10mA 

OUTPUT SINK CURRENT 

FIGURE 11. OUTPUT SATURATION VOLTAGE AS A FUNCTION OF OUTPUT SINK CURRENT 


Operating Considerations 

Input Circuit 

The use of MOS transistors in the input stage of the CA3290 
series circuits provides the user with the following features 
for comparator applications: 

1. Ultra high input impedance {=^.7TQ)] 

2. The availability of common mode rejection for input signals 
at potentials below that of the negative power supply rail; 

3. Retention of the In phase relationship of the Input and out¬ 
put signals for input signals below the negative rail. 

Although the CA3290 employs rugged bipolar (zener) diodes 
for protection of the input circuit, the input terminal currents 
should not exceed 1mA. Appropriate series connected limit¬ 
ing resistors should be used in circuits where greater current 
flows might exist, allowing the signal input voltage to be 
greater than the supply voltage without damaging the circuit. 

Output Circuit 

The output of the CA3290 Is the open collector of an n-p-n 
transistor, a feature providing flexibility in a broad range of 
comparator applications. An output ORing function can be 
implemented by parallel connection of the open collectors. 
An output pull-up resistor can be connected to a power 
supply having a voltage range within the rating of the 
particular CA3290 in use; the magnitude of this voltage may 
be set at a value which is independent of that applied to the 
V+ terminal of the CA3290. 

Parasitic Oscillations 

The Ideal comparator has, among other features, ultra high 
input impedance, high gain, and wide bandwidth. These 
desirable characteristics may, however, produce parasitic 
oscillations unless certain precautions are observed to 


minimize the stray capacitive coupling between the input and 
output terminals. Parasitic oscillations manifest themselves 
during the output voltage transition intervals as the 
comparator switches states. For high source impedances, 
stray capacitance can induce parasitic oscillations. The 
addition of a small amount (ImV to lOmV) of positive 
feedback (hysteresis) produces a faster transition, thereby 
reducing the likelihood of parasitic oscillations. Furthermore, 
if the input signal is a pulse waveform, with relatively rapid 
rise and fall times, parasitic tendencies are reduced. 

When dual comparators, like the CA3290, are packaged In 
an 8 lead configuration, the output terminal of each 
comparator is adjacent to an input terminal. The lead-to-lead 
capacitance is approximately IpF, which may be sufficient to 
cause undesirable feedback effects in certain applications. 
Circuit factors such as impedance levels, supply voltage, 
switching rate, etc., may increase the possibility of parasitic 
oscillations. To minimize this potential oscillatory condition. It 
Is recommended that for source impedances greater than 
Ikii a capacitor IpF - 2pF) be connected between the 
appropriate input terminal and the output terminal. (See 
Figure 2.) 

The CA3290A and CA3290 are also supplied in a 14 lead 
dual-in-line plastic package. To minimize the possibility of 
parasitic oscillations the input and output terminals are 
positioned on opposite sides of the package. In addition, 
there are two leads between the output terminal of each 
comparator and its corresponding inverting input terminal, 
reducing the input/output coupling significantly. These leads 
(8, 9,13,14) should be tied to either the V+ or V- supply rail. 
If either comparator is unused, its input terminals should also 
be tied to either the V+ or V- supply rail. 
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CA3290, CA3290A 


Typical Applications 


Light Controlled One-Shot Timer 

In Figure 12 one comparator (A1) of the CA3290 is used to 
sense a change in photo diode current. The other compara¬ 
tor {A2) is configured as a one-shot timer and is triggered by 
the output of A1. The output of the circuit will switch to a low 
state for approximately 60 seconds after the light source to 
the photo diode has been interrupted. The circuit operates at 
normal room lighting levels. The sensitivity of the circuit may 
be adjusted by changing the values of R1 and R2. The ratio 
of R1 to R2 should be constant to insure constant reverse 
voltage bias on the photo diode. 



FIGURE 12. LIGHT CONTROLLED ONE-SHOT TIMER 
Low-Frequency Multivibrator 

In this application, one half of the CA3290 is used as a 
conventional multivibrator circuit. Because of the extremely 
high input impedance of this device, large values of timing 
resistor (R1) may be used for long time delays with relatively 
small leakage timing capacitors. The second half of the 
CA3290 is used as an output buffer to insure that the multivi¬ 
brator frequency will not be affected by output loading. RP is 
the parallel combination of the two 1 MQ resistors connected 
between +15V and GND. 


+15V 



FIGURE 13. LOW FREQUENCY MULTIVIBRATOR 
Window Comparator 

Both halves of the CA3290 can be used in a high input 
impedance window comparator as shown In Figure 14. The 
LED will be turned “on” whenever the input signal is above 
the lower limit (VJ but below the upper limit (Vy), as 
determined by the R1/R2/R3 resistor divider. 


+15V 



FIGURE 14. WINDOW COMPARATOR 





Features 

• Fast Response Time.130ns 

• Low Off set Voltage.2.0mV 

• Low Offset Current.lOnA 

• Single or Dual Voltage Supply Operation 

• Selectable Output Logic Levels 

• Active Pull-Up/Pull-Down Output Circuit. No External 
Resistors Required 

Applications 

• Threshold Detector 

• Zero Crossing Detector 

• Window Detector 

• Analog Interfaces for Microprocessors 

• High Stability Oscillators 

• Logic System Interfaces 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA1-4900-2 

-55°C to +125°C 

16 Lead Ceramic DIP 

HA1-4902-2 

-55°C to +125°C 

16 Lead Ceramic DIP 

HA1-4905-5 

0°C to +75°C 

16 Lead Ceramic DIP 

HA3-4905-5 

0°C to +75°C 

16 Lead Plastic DIP 

HA4P4905-5 

0°C to +75®C 

20 Lead PLCC 

HA9P4905-5 

0°C to +75°C 

16 Lead Wide Body SOIC 


Description 

The HA-4900 series are monolithic, quad, precision compar¬ 
ators offering fast response time, low offset voltage, low off¬ 
set current and virtually no channel-to-channel crosstalk for 
applications requiring accurate, high speed, signal level 
detection. These comparators can sense signals at ground 
level while being operated from either a single +5V supply 
(digital systems) or from dual supplies (analog networks) up 
to ±15V. The HA-4900 series contains a unique current 
driven output stage which can be connected to logic system 
supplies (Vlogic+ ^ logic ) 'T^ske the output levels 

directly compatible (no external components needed) with 
any standard logic or special system logic levels. In 
combination analog/digital systems, the design employed in 
the HA-4900 series input and output stages prevents 
troublesome ground coupling of signals between analog and 
digital portions of the system. 

These comparators’ combination of features make them 
ideal components for signal detection and processing in data 
acquisition systems, test equipment and microprocessor/ 
analog signal Interface networks. 

For military grade product, refer to the HA-4902/883 data 
sheet. 


Pinout 


HA-4900, HA-4902 (CDIP) 
HA-4905 (PDIP, CDIP, 300 mil SOIC) 
TOP VIEW 


HA-4905 
(PLCC) 
TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-4900, HA-4902, HA-4905 


Absolute Maximum Ratings (Note 1) 

Supply Voltage (Between V+ and V- Terminals).33V 

Differential Input Voltage.15V 

Voltage Between VLoQic+ and VLogjc-.18V 

Output Current.50mA 

Power Dissipation (Notes 7,8) 


Operating Conditions 

Operating Temperature Range 

HA-4900-2.-55°C ^ Ta ^ +125°C 

HA-4902-2.-55°C ^ Ta ^ +125°C 

HA-4905-5.0°C Ta ^ +75°C 

Storage Temperature Range.-65®C ^ Ta ^ +150®C 


Junction Temperature. 

. +175®C 

Thermal Package Characteristics (®C/W).. 

®JA 

6jC 

Junction Temperature (Plastic Package). 

.+150®C 

Ceramic DIP Package. 

71 

13 

Lead Temperature (Soldering 10 Sec.). 

. +300®C 

Plastic DIP Package. 

86 

25 



SOIC Package. 

96 

26 



PLCC Package. 

74 

32 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any odier conditions above those indicated in the operational sections of this specification is not implied. 


Eiectrical Specifications v+ * +i 5V, v- = -i 6V, Vlogic+ = 5V, Vlogic- = gnd 
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Specifications HA-4900, HA-4902, HA-4905 


Electrical Specifications v+ = + 15 V, v- = -15V, Vlogic+ = 5V. Vlogic- = gnd (Continued) 


PARAMETER 


POWER SUPPLY CHARACTERISTICS 


Supply Current, Ips (+) 


Supply Current, Ips (-) 


Supply Current, Ips (Logic) 


Supply Voltage Range 
Vlogic'*’ (Note 8) 


Vlogic* (Note 8) 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. Minimum differential input voltage required to ensure a defined output state. 

3. Input bias currents are essentially constant with differential input voltages up to ±9V. With differential input voltages from ±9V to ±15V, 
bias current on the more negative input can rise to approximately SOOpA. This will also cause higher supply currents. 

4. Rs < 200Q V|N < Common Mode Range. Input sensitivity is the worst case minimum differential input voltage required to guarantee a 
given output logic state. This parameter Includes the effects of offset voltage, offset current, common mode rejection, and voltage gain. 

5. For Tpq(1); 100mV input step, -10mV overdrive. ForTpD(O); -100mV input step, 10mV overdrive. Frequency*** 100Hz; Duty Cycle <« 50%; 
Inverting input driven. See Test Circuit on next page. Ail unused inverting inputs tied to -t-5V. 

6. For Vqh and Vql^ Isink == ^source = 3.0mA. For other values of Vlqqiq; Vqh (min.) = Vlogic+ '^V. 

7. Maximum power dissipation, including output load, must be designed to maintain the junction temperature below +175°C for ceramic 
packages, and below +150°C for plastic packages. 

8. Total Power Dissipation (T.P.D.) is the sum of Individual dissipation contributions of V+, V- and Vlqgic shown in curves of Power Dissi¬ 
pation vs Supply Voltages (see Performance Curves). The calculated T.P.D. Is then located on the graph of Maximum Allowable Package 
Dissipation vs Ambient Temperature to determine ambient temperature operating limits imposed by the calculated T.P.D. (See 
Performance Curves). For instance, the combination of +15V, -15V, +5V, OV (V+, V-, Vlogic+» Vlogic*) a T.P.D. of 350mW, the 
combination +15V, -15V, +15V, OV gives a T.P.D. of 450mW. 



Schematic Diagram 


^ R1 < R2 < R3 
*>5000 >13kO > ikn 


■D11A R6 
2.5kO 




— 1 
RS; 
3600 


Q14 J J 

Q15 J 


► R7 
^2.5kO 


_r 








.. ...1^ 


Q20 




IQ37| 1^0381028 ^ 


BIAS 2 BIAS 3 BIAS 4 


^R16 

►5400 +1N 

f BIAS1 ^ 


Q30 R24 

\ 14kO iJ 

<R15 1 
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INPUT BIAS CURRENT (nA) 


HA-4900, HA-4902, HA-4905 



Typical Performance Curves = +25°c, Vs=±i5v, Vlogic+ = sv, Vlogic- = ov, umess otherwise specified 



-55 -25 0 25 50 75 100 125 -55 -25 0 25 50 75 100 125 

TEMPERATURE (®C) TEMPERATURE (®C) 

FIGURE 1. INPUT BIAS CURRENT vs TEMPERATURE FIGURE 2. INPUT OFFSET CURRENT vs TEMPERATURE 



COMMON MODE INPUT VOLTAGE 

FIGURE 3. INPUT BIAS CURRENT vs COMMON MODE INPUT VOLTAGE O/aff - OV) 
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SUPPLY CURRENT (mA) 


HA-4900. HA-4902, HA-4905 



Typical Performance Curves T* = +25'>C, Vs = ±15V. Vloqic+ = sv, Vlogic- = OV, unless otherwise specified (ConUnued) 



-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 


TEMPERATURE (®C) TEMPERATURE (®C) 

FIGURE 4. SUPPLY CURRENT vs TEMPERATURE (FOR ±15V FIGURE 5. SUPPLY CURRENT vs TEMPERATURE (FOR SINGLE 

SUPPLIES AND +5V LOGIC SUPPLY) -i^V OPERATION) 
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HA^900, HA-4902, HA-4905 


Typical Performance Curves = +25°C, Vs = ±15V, Vloqic+ = SV, Vloqic- = OV, unless otherwise specified (Continued) 



AMBIENT TEMPERATURE C^C) SUPPLY VOLTAGE (V) 

FIGURE 7. MAXIMUM PACKAGE DISSIPATION vs AMBIENT FIGURE 8. MAXIMUM POWER DISSIPATION vs SUPPLY 
TEMPERATURE VOLTAGE (NO LOAD CONDITION) 


Applying the HA-4900 Series Comparators 

1. SUPPLY CONNECTIONS: This device is exceptionally 
versatile in working with most available power supplies. 
The voltage applied to the V+ and V- terminals deter¬ 
mines the allowable input signal range; while the voltage 
applied to the Vl+ and Vl- determines the output swing. 
In systems where dual analog supplies are available, 
these would be connected to V+ and V-, while the logic 
supply and return would be connected to Vlogic+ £ind 
Vlogic"- Th® analog and logic supply commons can be 
connected together at one point in the system, since the 
comparator Is immune to noise on the logic supply 
ground. A negative output swing may be obtained by 
connecting Vl+ to ground and Vl- to a negative supply. 
Bipolar output swings {15Vp.p , max.) may be obtained 
using dual supplies. In systems where only a single logic 
supply is available (+5V to 15V), V+ and Vlogic+ be 

connected together to the positive supply while V- and 
Vlogic" grounded. If an input signal could swing 
negative with respect the V- terminal, a resistor should be 
connected in series with the input to limit input current to 
< 5mA since the C-B junction of the input transistor would 
be forward biased. 


2. UNUSED INPUTS: Inputs of unused comparator sections 
should be tied to a differential voltage source to prevent 
output “chatter*. 

3. CROSSTALK: Simultaneous high frequency operation of 
ail other channels in the package will not affect the output 
logic state of a given channel, provided that its differential 
input voltage Is sufficient to define a given logic state 
(AV|n ^ ±Vos)- Low level or high Impedance input lines 
should be shielded from other signal sources to reduce 
crosstalk and interference. 

4. POWER SUPPLY DECOUPLING: Decouple all power sup¬ 
ply lines with 0.01 \iF ceramic capacitors to ground line locat¬ 
ed near the package to reduce coupling between channels 
or from external sources. 

5. RESPONSE TIME: Fast rise time (< 200ns) input pulses 
of several volts amplitude may result In delay times 
somewhat longer than those illustrated for lOOmV steps. 
Operating speed is optimized by limiting the maximum 
differential input voltage applied, with resistor-diode 
clamping networks. 







HA-4900, HA-4902, HA-4905 


Typical Applications 

Data Acquisition System 

In this circuit the HA-4900 series is used in conjunction with 
a D to A converter to form a simple, versatile, multi-channel 
analog input for a data acquisition system. In operation the 
processor first sends an address to the D to A, then the 
processor reads the digital word generated by the compara¬ 
tor outputs. To perform a simple comparislon, the processor 
sets the D to A to a given reference level, then examines one 
or more comparator outputs to determine if their Inputs are 
above or below the reference. A window comparison 
consists of two such cycles with 2 reference levels set by the 
D to A. One way to digitize the Inputs would be for the 
processor to increment the D to A in steps. The D to A 
address, as each comparator switches, is the digitized level 
of the input. While stairstepping the D to A Is slower than 
successive approximation, all channels are digitized during 
one staircase ramp. 



; COMPARATORS | 


ANALOG INPUT MODULE PROCESSOR 

Logic Level Translators 

The HA-4900 series comparators can be used as versatile 
logic interface devices as shown in the circuits above. 
Negative logic devices may also be interfaced with 
appropriate supply connections. If separate supplies are 
used for V- and Vlogic'» t^®se logic level translators will 
tolerate several volts of ground line differential noise. 



TTL TO CMOS CMOS TO TTL 


RS-232 To CMOS Line Receiver 

This RS-232 type line receiver to drive CMOS logic uses a 
Schmitt trigger feedback network to give about 1V input hys¬ 
teresis for added noise immunity. A possible problem in an 
interface which connects two equipments, each plugged into 
a different AC receptacle, is that the power line voltage may 
appear at the receiver input when the interface connection is 
made or broken. The two diodes and a 3W Input resistor will 
protect the inputs under these conditions. 


10V 



Window Detector 

The high switching speed, low offset current and low offset 
voltage of the HA-4900 series makes this window detector 
circuit extremely well suited to applications requiring fast, 
accurate, decision-making. The circuit above is ideal for 
industrial process system feedback controllers or “out-of- 
limit” alarm Indicators. 


+15V 



1/2 HA-4900 j 
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HA-4900, HA-4902, HA-4905 


Oscillator/Clock Generator Schmitt Trigger (Zero Crossing Detector With Hysteresis) 

This self-starting fixed frequency oscillator circuit gives This circuit has a lOOmV hysteresis which can be used in 
excellent frequency stability. and Ci comprise the applications where very fast transition times are required at 

frequency determining network while R 2 provides the the output even though the signal input is very slow. The 
regenerative feedback. Diode enhances the stability by hysteresis loop also reduces false triggering due to noise on 
compensating for the difference between Vqh and VsuppLY • input. The waveforms below show the trip points 
In applications where a precision clock generator up to developed by the hysteresis loop. 

100kHz is required, such as in automatic test equipment. 



INPUT TO OUTPUT WAVEFORM SHOWING HYSTERESIS TRIP 
POINTS 





Features 

• Low Propagation Delay (0003/0003L).2.072.1 ns 

• Low Latch Set Up Time.0.8ns 

• Low Offset Voltage, Drift Coefficient.1 .OmV, 4^iV/®C 

• Wide Common Mode Range.+5.2A2.8V 

• Low Power Dissipation.200mW 

• Large Differential Input Resistance.1MO 

• Complementary ECL Outputs; 500 Driving Capability 

• Resistor Programmable Hysteresis with HFA-0003L 

• Pin Compatible with MAX9690/9685 and AD96685 

• Available in SOIC 

Applications 

• Window Detector 

• High Speed Peak Detector 

• High Speed Threshold Detector 

• High Speed Data Acquisition Systems 

• Fiber Optic Decision Circuits 

• High Speed Phase Detector 

• Frequency Counter 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HFA1-0003L-5 

0°C to +75°C 

16 Lead Ceramic Sidebraze DIP 

HFA1-0003L-9 

-40°C to +85°C 

16 Lead Ceramic Sidebraze DIP 

HFA2-0003L-5 

0°C to +75°C 

10 Pin CAN 

HFA2-0003L-9 

-40°C to +85°C 

10 Pin CAN 

HFA3-0003-5 

0°C to +75°C 

8 Lead Plastic DIP 

HFA3-0003-9 

-40°C to +85°C 

8 Lead Plastic DIP 

HFA3-0003L-5 

0°C to +75°C 

16 Lead Plastic DIP 

HFA3-0003L-9 

-40°C to +85°C 

16 Lead Plastic DIP 

HFA7-0003-5 

0°C to +75°C 

8 Lead Ceramic Sidebraze DIP 

HFA7-0003-9 

-40°C to +85°C 

8 Lead Ceramic Sidebraze DIP 

HFA9P0003-5 

0°C to +75°C 

8 Lead SOIC 

HFA9P0003L-5 

0°C to +75°C 

16 Lead Narrow Body SOIC 

HFA9P0003L-9 

-40°C to +85°C 

16 Lead Narrow Body SOIC 


Description 

The HFA-0003/0003L are monolithic, ultra high speed, 
voltage comparators. These comparators combine a 
low input offset voltage (1 .OmV) with a low propagation 
delay (2.0ns) to achieve a large dynamic input range. 
The low offset voltage also makes these comparators 
ideally suited for high speed, precision analog-to- 
digltal processing applications. The circuits have 
differential analog Inputs, and provide complementary, 
ECL compatible (10K and 100K) logic outputs. The 
outputs are capable of supplying the current required 
by terminated 50Q transmission lines. Both outputs 
are open emitter structures, requiring external pull¬ 
down resistors. The recommended circuit is 50Q 
connected to -2.0V, but any equivalent ECL 
termination circuit may be used. 

The HFA-0003L Is a latched version of the HFA-0003. 
The latch function allows the HFA-0003L to operate in 
sample-hold or track-hold modes, whon synchronous 
detection Is required. The Latch Enable (LE) input can 
be driven by a standard ECL gate. See the Applica¬ 
tions section for more Information on this feature. 

The HFA-0003L also has an additional feature, user 
programmable hysteresis. By connecting a resistor 
from the HYS pin to GND the user can select up to 
20mV of input hysteresis. See the Applications section 
for more information on this feature. 

The HFA-0003 Is pin compatible with the MAX9690, 
and SP9680 while providing improved performance. 
The HFA-0003L Is pin compatible with the MAX9685, 
AD96685, SP9685, HCMP96850, and the VC7695 
while providing Improved performance. 

Refer to the 7883 datasheets for military compliant 
product. 



Pinouts 


HFA-0003 (PDIP, CDIP, SOIC) 
TOP VIEW 


8] GND 1 (DIGITAL) 
7] GND 2 (ANALOG) 
3 GOUT 
S] QOUT 


HFA-0003L (PDIP, CDIP, 150 mil SOIC) 
TOP VIEW 



GND1 

(DIGITAL) 

V+ 



GND 2 

(ANALOG) 

NC 


HFA-0003L (TO-100 CAN) 
TOP VIEW 


GND1 

(DIGITAL) 


+IN ( 2 )— 

-IN ( 3 ^ 
LE ® 


GND 2 

(9) (ANALOG) 
QOUT 
GOUT 
J5?HYS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HFA-0003, HFA-0003L 


Absolute Maximum Ratings (Note i) 

Supply Voltage (GND to V+).8V 

Supply Voltage (GND to V-).18V 

Voltage Between V+ and V- Terminals.20V 

Differential Input Voltage. 5.5V 

Input Voltage. ±5V 

Differential Ground Voltage (GND1 to GND2).±1V 

Short Duration Output Current (Note 2).-35mA 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 


Operating Conditions 

Operating Temperature Range 

HFA-0003/HFA-0003L-9.. .-40°C < T^ < +85°C 

HFA-0003/HFA-0003L-5.0°C ^ T^ < +75°C 

Storage Temperature Range.-65°C < T^ < +150°C 

Thermal Package Characteristics (°C/W) 0ja Gjc 

8 Lead Ceramic Sidebrazed DIP. 75 13 

8 Lead Plastic DIP. 96 34 

8LeadSOIC. 157 43 

16 Lead Ceramic Sidebrazed DIP. 75 13 

16 Lead Plastic DIP. 92 32 

16LeadSOIC. 114 35 

TO-100 Metal CAN. 108 32 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 5V, V- = -5.2V, Rl = 50Q to -2V, Unless otherwise Specified 


HFA-0003-5/-9 

TEMPERATURE MIN 


PARAMETER 


INPUT CHARACTERISTICS 


HFA-0003L-5/-9 


Input Offset Voltage (Vqs) 

+25°C 


Full 

Average Offset Voltage Drift (Note 8) 

Full 

Input Bias Current 

+25°C 


Full 

Input Offset Current 

+25°C 


Full 

Common Mode Range 

Full 

Differential Input Resistance 

+25°C 

Common Mode Input Resistance 

+25°C 

Input Capacitance 

+25°C 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 
(Note 3) 


Tracking Bandwidth (Note 4) 


SWITCHING CHARACTERISTICS 


OUTPUT CHARACTERISTICS 



Propagation Delay Input to Output 

+25°C 

(tpQ)(Notes 5,8, 9) 

Full 

Maximum Dispersion (Notes 6,8) 

Full 


Output Voltage Level: 

■■■■1 

Logic Low (Vql) 

+25°C 


Full 

Logic High (Vqh) 

+25°C 


Full 

Continuous Output Current (Note 2) 

Full 

































































































































































Specifications HFA-OOOS, HFA-0003L 


Electrical Specifications V+ = 5V, V< = •5.2V, Rl = son to -2V, unless otherwise Specified (Continued) 


PARAMETER 

TEMPERATURE 

HFA-0003-5/-9 

HFA-0003L-5/-9 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

LATCH CHARACTERISTICS (HFA-0003L ONLY) 

LE Input Voltage Level: 

Logic Low (V|l) 

Full 

■ 

■ 

■ 

■ 

■ 

-1.475 

V 

Logic High (V,h) 

Full 

- 

- 

- 

-1.105 

- 

- 

V 

LE Input Current Level: 

Logic Low (V|l = -1.85V) 

Full 

■ 

■ 

■ 

■ 

0.06 

0.5 

pA 

Logic High (V|h = -0.81V) 

Full 

- 

- 


- 

11 

20 

pA 

Propagation Delay from LE to Output 
(tpDL) (Notes 5, 8, 9) 

425°C 

- 

- 


- 

2.2 


ns 

Full 

- 

- 


- 

2.6 

3.1 

ns 

Minimum Set-Up Time (ts) (Notes 8, 9) 

425°C 

- 

- 


- 

0.8 

1.2 

ns 

Full 

- 

- 


- 

- 

1.5 

ns 

Minimum Hold Time (tn) (Notes 8, 9) 

Full 

- 

- 


- 

0.5 

1.0 

ns 

Minimum LE Pulse Width (tpw) 

(Notes 8,9) 

_1 

425°C 

- 

- 


- 

0.9 

0.95 

ns 

Full 

- 

- 

- 

- 

- 

1.1 

ns 

POWER SUPPLY 

PSRR (Note 7) 

425°C 

70 

80 

- 

70 

80 

- 

dB 

Full 

65 

- 

- 

65 

- 

- 

dB 

•cc 

Full 

- 

11 

13 


11 

13 

mA 

•ee 

Full 

- 

19 

22 

- 

19 

22 

mA 

Power Dissipation 

Full 

- 

- 

200 

- 

- 

200 

mW 


NOTES: 


1. Absolute maximum ratings are limiting values, applied Individually, beyond which the servicablllty of the circuit may be Impaired. Functional 
operation under any of these conditions Is not necessarily implied. Exposure to absolute maximum rating conditions may affect device 
reliability. 

2. Outputs have no sink current (+I) capability, since they are open emitter NPN transistors. 

3. -2.0V < VcM < +4.0V. 

4. Tracking Bandwidth (TBW) is defined as the maximum Input frequency at which the outputs still switch between VoL and Vqh- 
V|N = 15mVp-p sinewave centered on OV. 

5. ViN = 100mV. Vqd is the amount of input overdrive. 

6. Dispersion is defined as the change in propagation delay for Input overdrives between 0.1V and 1 .OV. 

7. 44.5V < V+ < 45.5V or -6.2V < V- < -4.7V. 

8. This parameter is not tested. It Is guaranteed by design, and by device characterization. 

9. VoD = 10mV. 
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HFA-0003, HFA-0003L 


Applications Information 

HFA-0003L Latch Functionality 

The Latch Enable (LE) pin of the HFA-0003L controls the 
function of the on chip latch. When the LE Input Is at an ECL 
Logic 1, the latch is open (transparent) and the comparator 
functions normally. When the LE input switches to a Logic 0, 
the outputs are latched in unambiguous states dependant on 
the current input state, providing the set-up and hold times 
are met. if the latch function is not utilized, the LE input must 
be connected to an ECL Logic 1 (e.g. GND). 

HFA-0003L Hysteresis Functionality 

To Improve performance in systems with slow transition 
times, and/or high noise levels, the HFA-0003L allows the 
user to easily set the amount of input hysteresis. The hyste¬ 
resis level Is set by the current flowing into the HYS input; 
the larger the current the larger the level of hysteresis. This 
current is provided by connecting a resistor (Rh) between 


the HYS pin and GND, and It is recommended that the input 
current not exceed 1mA. The input current can be approxi¬ 
mated from the following formula: 

GND-(V-)-0.7V 


The table below gives approximate levels of hysteresis for 
some values of Ih. at T^ = +25°C. 


iH(mA) 

0.2 

0.4 

0.6 

0.8 

1.0 

HYS (mV) 

1 

4 

8 

13 

22 


If the hysteresis function isn’t used, the HYS input may be 
left floating, or may be connected to V-. The HYS input 
MUST NEVER BE CONNECTED directly to GND or V+. as 
device damage will occur. Before Inserting an HFA-0003L 
into a competitor socket, the user must ensure that the cor¬ 
responding socket pin is a true no connect (i.e. is floating). 
















PAGE 


SELECTION GUIDE. 4-2 

SAMPLE AND HOLD AMPLIFIER DATA SHEETS 

HA-2420, Fast Sample and Hold Amplifiers. 4-3 

HA-2425 

HA-5320 High Speed Precision Monolithic Sample and Hold Amplifier. 4-12 

HA-5330 Very High Speed Precision Monolithic Sample and Hold Amplifier. 4-19 

HA-5340 High Speed, Low Distortion, Precision Monolithic Sample and Hold Amplifier. 4-23 

HA5350, Ultra Fast (50ns) Sample and Hold Amplifiers. 4-31 

HA5351 

HA5352 Ultra Fast (50ns) Dual Sample and Hold Amplifier. 4-36 



NOTE: Bold Type Designates a New Product from Harris. 


4-1 


SAMPLE AND 
HOLD AMPLIFIERS 













Selection Guide 


SAMPLE AND HOLD AMPLIFIERS: Typical Values at +25°C, Unless Otherwise Specified. 






ACQUISITION 

HOLD 


GAIN 


SAMPLE/HOLD 

TEMPERATURE 


TIME 

STEP 

APERTURE 

BANDWIDTH 

TYPE 

TYPE 

RANGE 

PACKAGE* 

(TO 0.01%) 

ERROR 

TIME 

PRODUCT 

HA1-2420-2 

Low Droop Rate 

-55°C to +125°C 

14 Lead Ceramic DIP 

3.2^s 

lOmV 

30ns 

2.5MHz 

HA1-2420/883 


-55°C to +125°C 

14 Lead Ceramic DIP 

(Ch* 

1,000pF) 




HA1-2425-5 


0°C to 4-75‘’C 

14 Lead Ceramic DIP 





HA3-2425-5 


0°C to +75°C 

14 Lead Plastic DIP 





HA4-2420/883 


-55°C to +125°C 

20 Lead LCC Ceramic 





HA4P2425-5 


0°C to +76®C 

20UadPLCC 





HA9P2425-5 


0°C to +75°C 

ULeadSOIC 





HA1-5320-2 

High Speed, 

-55°C to +125°C 

14 Lead Ceramic DIP 

Ips 

ImV 

25ns 

2.0MHz 

HA1-5320-5 

Low Charge, 
Transfer Precision, 

0°C to +76°C 

14 Lead Ceramic DIP 

(Ch = Internal) 



(Ch = 10OpF) 

HA1-5320/883 

Complete - 

-55°C to +125°C 

14 Lead Ceramic DIP 





HA3-5320-5 

Capacitor 

0°C to -h75°C 

14 Lead Plastic DIP 





HA4-5320/883 


-55°C to +125°C 

20 Lead LCC Ceramic 





HA9P5320-5 


0°C to +75°C 

16 Lead 300 mil SOIC 





HA9P5320-9 


-40°C to +85°C 

16 Lead 300 mil SOIC 





HA1-5330-5 

Very High Speed, 

0®C to +75°C 

14 Lead Ceramic DIP 

650ns 

0.5mV 

20ns 

4.5MHz 

HA1-5330-4 

Precision, 

Monolithic, 

-25°C to +85°C 

14 Lead Ceramic DIP 





HA1-5330-2 

Complete includes 

-55°C to +125°C 

14 Lead Ceramic DIP 





HA1-5330/883 


-55°C to +125°C 

14 Lead Ceramic DIP 





HA3-5330-5 


0°Cto+75°C 

14 Lead Plastic DIP 





HA4-5330/883 


-55°C to -h125°C 

20 Lead LCC Ceramic 





HA1-5340-5 

High Speed, Low 

0°C to +75°C 

14 Lead Ceramic DIP 

700ns 

15mV 

15ns 

10MHz 

HA1-5340-9 

Distortion-Includes 
Hold Capacitor 

-40®C to +85°C 

14 Lead Ceramic DIP 





HA1-5340/883 


-55°C to +125°C 

14 Lead Ceramic DIP 





HA3-5340-5 


0°C to +75®C 

14 Lead Plastic DIP 





HA3-5340-9 


-40°C to +85°C 

14 Lead Plastic DIP 





HA4-5340/883 


-55°C to +125°C 

20 Lead LCC Ceramic 





HA9P5340-5 


Q°C to +75°C 

16 Lead 300 mil SOIC 





HA5350IP 

Ultra High Speed 

-40°C to +85°C 

14 Lead Plastic DIP 

85ns 

1.25mV 

±10ns 

20MHz 

HA5350IJ 

and Low Power 
Includes Hold 

-40°C to +85°C 

14 Lead Ceramic DIP 





HA5350IB 

Capacitor, Full 
Featured 

-40°C to +85°C 

14 Lead SOIC 





HA53511P 

Ultra High Speed 

-40°CtO+85°C 

8 Lead Plastic DIP 

85ns 

1.25mV 

±10ns 

20MHz 

HA5351IJ 

and Low Power, 
Includes Hold 

-40°Cto+85°C 

8 Lead Ceramic DIP 





HA5351IB 

Capacitor, Low Pin 
Count 

-40°C to +85'’C 

8 Lead SOIC 





HA5352IP 

Dual, Ultra High 

-40°C to +85°C 

14 Lead Plastic DIP 

85ns 

1.25mV 

±10ns 

20MHz 

HA5352IJ 

Speed and Low 
Power, Includes 

-40°C to +85°C 

14 Lead Ceramic DIP 





HA5352IB 

Hold Capacitor 

-40°Cto+85°C 

16 Lead 300 mil SOIC 






* See Packaging Information in Section 11. 
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HARRIS HA-2420, HA-2425 

SEMICONDUCTOR * m mm ■ 


March 1993 


Features 

• Maximum Acquisition Time 

- 10V Step to 0.1%. 4^is 

- 10V Step to 0.01%. 6|xs 

• Low Droop Rate (Ch a lOOOpF). 5|aV/m8 (Typ) 

• Gain Bandwidth Product .2.5MHz (Typ) 

• Low Effective Aperture Deiay Time.30ns (Typ) 

• TTL Compatibie Controi input 

• ±12V to ±15 V Operation 

Applications 

• 12 Bit Data Acquisition 

• Digitai to Anaiog Degiitcher 

• Auto Zero Systems 

• Peak Detector 

• Gated Operationai Ampiifier 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA1-2420-2 

-55°C to +125°C 

14 Lead Ceramic DIP 

HA1-2425-5 

0°C to +75°C 

14 Lead Ceramic DIP 

HA3-2425-5 

0°C to +75°C 

14 Lead Plastic DIP 

HA4P2425-5 

0°C to +75°C 

20 Lead PLCC 

HA9P2425-5 

0°C to +75°C 

14 Lead SOIC 


Fast Sample and Hold Amplifiers 


Description 

The HA-2420 and HA-2425 is a monolithic circuit consisting 
of a high performance operational amplifier with its output in 
series with an ultra-low leakage analog switch and JFET 
input unity gain ampiifier. 

With an external holding capacitor connected to the switch 
output, a versatile, high performance sample-and-hold or 
track-and-hold circuit is formed. When the switch is closed, 
the device behaves as an operational ampiifier, and any of 
the standard op amp feedback networks may be connected 
around the device to control gain, frequency response, etc. 
When the switch is opened the output will remain at its last 
level. 

Performance as a sample-and-hold compares very favorably 
with other monolithic, hybrid, modular, and discrete circuits. 
Accuracy to better than 0.01% is achievable over the 
temperature range. Fast acquisition is coupled with superior 
droop characteristics, even at high temperatures. High slew 
rate, wide bandwidth, and low acquisition time produce 
excellent dynamic characteristics. The ability to operate at 
gains greater than 1 frequently eliminates the need for 
external scaling amplifiers. 

The device may also be used as a versatile operational 
amplifier with a gated output for applications such as anaiog 
switches, peak holding circuits, etc. For more information, 
please see Application Note 517. 

The MIL-STD-883 data sheet for this device is available on 
request. 


Pinouts 


HA-2420 (CDIP) 

HA-2425 (CDIP, PDIP, AND SOIC) 
TOP VIEW 


HA-2425 
(PLCC) 
TOP VIEW 


-IN Li 
+IN [I 
OFFSET ADJ. [T 
OFFSET ADJ. [T 

v.[I 

NC[6 
OUTPUT[7 


14j S/H CONTROL 

taJcND 

12 ] NC 

il] HOLD CAP. 
i^NC 
9 ] V+ 

I] NC 


OFFSET ADJ. \± 
NC H 
OFFSET ADJ. E 
NC E 
V- [| 


m NC 
ill NC 

hold cap. 

iH NC 
^ NC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2420, HA-2425 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- lerminals.40V Operating Temperature Range 


Differential Input Voltage.24V 

Digital Input Voltage (Sample and Hold Pin).+8V, -15V 


HA-2420-2.-55°C < ^ +125°C 

HA-2425-5.0®C < Ta < +75°C 


Output Current.Short Circuit Protected Storage Temperature Range.-65°C < T^ < +150°C 

Junction Temperature.+175°C Supply Voltage Range (TYP).±12V to ±15V 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of Vie device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions (Unless otherwise Specified) Vsupply = IS.OV; Ch = lOOOpF; Digital Input: V|l = +0.8V 
(Sample), V|h * +2.0V (Hold), Unity Gain Configuration (Output tied to Negative Input) 


PARAMETER 

TEMPERATURE 

INPUT CHARACTERISTICS 

Input Voltage Range 

Full 

Offset Voltage 

+25°C 


Full 

Bias Current 

+25°C 


Full 

Offset Current 

+25°C 


Full 

Input Resistance 

+25°C 

Common Mode Range 

Full 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 1,4) 

Full 

Common Mode Rejection (Note 2) 

Full 

Hold Mode Feedthrough Attenuation 
(Note 3) 

Full 

Gain Bandwidth Product (Note 3) 

+25°C 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 1) 


Output Current 


Full Power Bandwidth (Notes 3,4) 


Output Resistance (D.C.) 


TRANSIENT RESPONSE 


Rise Time (Notes 3,5) 


Overshoot (Notes 3,5) 


Slew Rate (Notes 3, 6) 


DIGITAL INPUT CHARACTERISTICS 


Digital Input Current (Vj^ = OV) 


Digital Input Current (V|n = +5.0V) 


Digital Input Voltage (Low) 


Digital Input Voltage (High) 




























































































































































Specifications HA-2420, HA-2425 


Electrical Specifications Test Conditions (Uniess Othenwise Specified) Vg^ppiy = 15.0V; Cp = lOOOpF; Digital Input: V^ = +0.8V 
(Sample), Vih = +2.0V (Hold), Unity Gain Configuration (Output tied to Negative Input) (Continued) 


PARAMETER 

TEMPERATURE 

SAMPLE AND HOLD CHARACTERISTICS 

Acquisition Time to 0.1% 10V Step 
(Note 3) 

+25°C 

Acquisition Time to 0.01% 10V Step 
(Note 3) 

+25°C 

Hold Step Error (Note 7) 

+25°C 

Hold Mode Settling Time 

+25°C 

Aperture Time (Note 9) 

+25°C 

Effective Aperture Delay Time 

+25°C 

Aperture Uncertainty 

+25°C 

Drift Current (Notes 3, 7) 

+25°C 

HA1-2420 

Full 

HA1-2425 

Full 

HA3-2425, HA4P2425 

Full 

POWER SUPPLY CHARACTERISTICS 

Supply Current (+) 

+25°C 

Supply Current (-) 

+25°C 

Power Supply Rejection 

Full 


NOTES: 

1. RL = 2ka 

2. Vcm = ±10Vdc. 

3. Av = ±1, Rl = 2ka, Cl = 50pF. 

4. VouT = 20V peak-to-peak. 

5. VouT = 200mV peak-to-peak. 

6- Vqut = 10-OV peak-to-peak. 

7. V|N = OV. 

8. f|N^ 100kHz. 

9. Derived from computer simulation only; not tested. 


Functional Diagram 


S/H -14 
CONTROL 



HOLD 

CAPACITOR 



Die Characteristics 



Transistor Count. 


.85 

Die Dimensions. 

... .102x61 X 19 mils 

Substrate Potential. 


• • •VsUPPLY 

Process. 


. Bipolar Dl 

Thermal Package Characteristics CC/\N) 

ejA 

®JC 

Ceramic DIP. 

71 

13 

Plastic DIP. 

85 

23 

PLCC. 

74 

33 

SOIC. 

95 

26 
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HA-2420, HA-2425 
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HA-2420, HA-2425 


Test Circuits 



FIGURE 1. HOLD STEP ERROR AND DRIFT CURRENT 


CONTROL 


VsTEP 

NOTE: Set rise/fall times of S/H Control to approximately 20ns. 

FIGURE 2. HOLD STEP ERROR TEST 



S/H 

CONTROL 



NOTE: Measure the slope of the output during hold, AV/At, 
and compute drift current from: Iq = Ch AV/At. 


FIGURES. DRIFT CURRENT TEST 


NOTE: Compute hold mode feedthrough attenuation from the 
formula: 


Feedthrough Attenuation = 201og 


VqutHOLD 


V|nHOLD 


Where VqutHOLD = Peak-to-Peak value of output sinewave 
during the hold mode. 

FIGURE 4. HOLD MODE FEEDTHROUGH ATTENUATION 


SAMPLE AND 
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HA-2420. HA-2425 


Offset and Gain Adjustment 


HOLD STEP VOLTAGE (mV) 


DC INPUT VOLTAGE (V) 

Ch s0.1p.F 

CH*10,000pF 
Ch 10OOpF 


INPUT R| 


4N 


OUT 

+IN 

S/H 


CONTROL 



S/H CONTROL 
INPUT 


NOTE: GAIN • 


> Ch 3t 10OpF 


FIGURE 12. INVERTING CONFIGURATION 


FIGURE 11. HOLD STEP vs INPUT VOLTAGE 
Offset Adjustment 

The offset voltage of the HA-2420and HA-2425 may be 
adjusted using a lOOkQ trim pot, as shown in Figure 20. The 
recommended adjustment procedure is: 

Apply zero volts to the sample-and-hold input, and a square 
wave to the S/H control. 

Adjust the trim pot for zero volts output in the hold mode. 

Gain Adjustment 

The linear variation in pedestal voltage with sample-and- 
hold Input voltage causes a -0.06% gain error (Ch = 
lOOOpF). In some applications (D/A deglltcher, A/D 
converter) the gain error can be adjusted elsewhere in the 
system, while In other applications It must be adjusted at the 
sample-and-hold. The two circuits shown below demon¬ 
strate how to adjust gain error at the sample-and-hold. 

The recommended procedure for adjusting gain error is: 

1. Perform offset adjustment. 

2. Apply the nominal input voltage that should produce a 
+1OV output. 

3. Adjust the trim pot for +10V output in the hold mode. 

4. Apply the nominal input voltage that should produce a 
-10V output. 

5. Measure the output hold voltage (V.^onominal)- Adjust the 
trim pot for an output hold voltage of 

^''-lONOMINAL^ 

2 



-nn- NOTE: gain ~ 1 + 

Rl 


FIGURE 13. NON-INVERTING CONFIGURATION 
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HA-2420, HA-2425 


Applications 



100Kn 
OFFSET TRIM 
(±25mV RANGE) 


FIGURE 20. BASIC SAMPLE-AND-HOLD (TOP VIEW) 


HOLDING 
CAPACITOR ^ 




Glossary of Terms 

Acquisition Time 

The time required following a “sample” command, for the 
output to reach its final value within ±0.1% or ±0.01%. This is 
the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 

Aperture Time 

The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 10% open and 90% open. 

Effective Aperture Delay Time (EADT) 

The difference between the digital delay time from the Hold 
command to the opening of the S/H switch, and the propaga¬ 
tion time from the analog Input to the switch. 

EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to V|n at the instant the 
Hold command was received. For negative EADT, the output 
in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of V|n that occurred before the Hold 
command. 

Aperture Uncertainty 

The range of variation In Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay Uncertain¬ 
ty, Aperture Time Jitter, etc.) sets a limit on the accuracy with 
which a waveform can be reconstructed from sample data. 

Drift Current 

The net leakage current from the hold capacitor during the 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 

Id(pA) = Ch(pF)x^(V/s) 


FIGURE 21. GUARD RING LAYOUT (BOTTOM VIEW) 


1. Figure 20 shows a typical unity gain circuit, with Offset Zeroing. 
All of the other normal op amp feedback configurations may be 
used with the HA-2420/2425. The input amplifier may be used as 
a gated amplifier by utilizing Pin 11 as the output. This amplifier 
has excellent drive capabilities along with exceptionally low 
switch leakage. 

2. The method used to reduce leakage paths on the P.C. board and 
the device package is shown in Figure 21. This guard ring is rec¬ 
ommended to minimize the drift during hold mode. 

3. The holding capacitor should have extremely high insulation 
resistance and low dielectric absorption. Polystyrene (below 
+85°C), Teflon, or Parlene types are recommended. 

For more applications, consult Harris Application Note 517, or fac¬ 
tory applications group. 
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Features 

• Gain, DC.2x10*V/V 

• Aquisition Time.1.0|xs (0.01%) 

• Droop Rate.0.08|iV/|is (+25®C) 

17^V/^s (Full Temperature) 

• Aperture Time.25ns 

• Hold Step Error (See Glossary).I.OmV 

• Internal Hold Capacitor 

• Fully Differential Input 

• TTL Compatible 


Applications 

• Precision Data Acquisition Systems 

• Digital to Analog Converter Deglitcher 

• Auto Zero Circuits 

• Peak Detector 


HA-5320 

High Speed Precision Monoiithic 
Sampie and Hoid Amplifier 

Description 

The HA-5320 was designed for use in precision, high speed 
data acquisition systems. 

The circuit consists of an input transconductance amplifier 
capable of providing large amounts of charging current, a 
low leakage analog switch, and an output integrating 
amplifier. The analog switch sees virtual ground as its load; 
therefore, charge injection on the hold capacitor Is constant 
over the entire Input/output voltage range. The pedestal 
voltage resulting from this charge injection can be adjusted 
to zero by use of the offset adjust inputs. The device 
includes a hold capacitor. However, if improved droop rate Is 
required at the expense of acquisition time, additional hold 
capacitance may be added externally. 

This monolithic device is manufactured using the Harris 
Dielectric Isolation Process, minimizing stray capacitance 
and eliminating SCR’s. This allows higher speed and latch- 
free operation. For further information, please see 
Application Note 538. The Mil-Std-883 data sheet for this 
device is available on request. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA1-5320-2 

-55°C to +125°C 

14 Lead Ceramic DIP 

HA1-5320-5 

0°C to +75°C 

14 Lead Ceramic DIP 

HA3-5320-5 

0°C to +75®C 

14 Lead Plastic DIP 

HA9P5320-5 

0°C to +75°C 

16 Lead Wide Body SOIC 

HA9P5320-9 

-40°Cto+85°C 

16 Lead Wide Body SOIC 


Pinouts 


HA-5320 
(PDIP, CDIP) 
TOP VIEW 


HA-5320 
(300 mil SOIC) 
TOP VIEW 



I EXTERNAL 
I HOLD CAP. 


11NTEGRATOR 
I BANDWIDTH 



1 EXTERNAL 
J HOLD CAP. 


11NTEGRATOR 
1 BANDWIDTH 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
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Specifications HA-5320 


Absolute Maximum Ratings (Note i) 

Supply Voltage.40V 

Differential Input Voltage.24V 

Digital Input Voltage.+8V, -15V 

Output Current, Continuous (Note 2).±20mA 

Junction Temperature.+175®C 


Operating Conditions 

Operating Temperature Range 

HA-5320-2.-55°C ^ Ta +125°C 

HA-5320-5.0°C ^ Ta ^ +75°C 

HA-5320-9.-40°C ^ Ta ^ +85°C 

Recommended Supply Voltage Range (Note 13)... ±13.5V to ±20V 


Junction Temperature (Plastic Package).+150®C Storage Temperature Range.-65°C ^ Ta ^ +150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “/Solute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operationai sections of this specification is not implied. 


Eiectricai Specifications Vsupply ±15.0V; Ch ~ internal; Digital Input: V,L = +0.BV (Sample), V|h +2.0V (Hold), 
Unity Gain Configuration (Output tied to -Input), Unless Othenwise Specified 



Rise Time (Note 5) 


Overshoot (Note 5) 


Slew Rate (Note 6) 
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Specifications HA-5320 


Electrical Specifications Vsuppiy = ±15.0V; Ch = internal; Digital Input: Vu_ = +0.8V (Sample). V|h = +2.0V (Hold), 
Unity Gain Configuration (Output tied to -input), Unless Otherwise Specified (Continued) 



Charge Transfer (Note 9) 


Hold Step Error (Note 9) 


Hold Mode Settling Time 0.01% 


Hold Mode Feedthrough (10Vp.p, 100kHz) 


POWER SUPPLY CHARACTERISTICS 


Positive Supply Current (Note 10) 


Negative Supply Current (Note 10) 


Supply Voltage Range (Note 13) 



Power Supply Rejection (Note 11) 


1. Absolute maximum ratings are limiting values, applied individually, beyond 8. Derived from computer simulation only; not tested, 
which the serviceability of the circuit may be impaired. Functional operation 9 . Vn = 0V, V =+3.57, t <20ns(V toV ). 
under any of these conditions is not necessarily implied. ’ 

10 . Specified for a zero differential input voltage between 


under any of these conditions Is not necessarily implied. 

2. Internal Power Dissipation may limit Output Current below 20mA. 

3. VcM = ±5VDC. 

4. Vo = 20Vp.p; Rl = 2ki2; Cl = 50pF; unattenuated output. 

5. Vo = 200mVp.p; Rl = 2kn; Cl = 50pF. 

6. Vo = 20V Step; Rl = 2kG; Cl = 50pF. 

7. Vo = 10V Step; Rl = 2kQ; Cl = 50pF. 


+IN and -IN. Supply current will increase with 
differential input (as may occur In the Hold mode) to 
approximately ±46mA at 20V. 

11. Based on a one volt delta in each supply, i.e. 15V 
±0.5VDC. 

12. RL=1kQ,CL = 30pF. 

13. Specification based on a one time characterization. 
This parameter is not guaranteed. 
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HA-5320 


Functional Diagram 


Additional capacitance may be added between pins 7 and 
11. This external hold capacitance will reduce droop rate at 
the expense of acquisition time, and provide other trade-offs 
as shown in the Performance Curves. 


( 13 ) {V 

SUPPLY V- 
GND 


\ INTEGRATOR 
' BANDWIDTH 


© EXTERNAL 

HOLD CAPACITOR 


Applying the HA-5320 

The HA-5320 has the uncommitted differential inputs of an 
op amp, allowing the Sample and Hold function to be 
combined with many conventional op amp circuits. See the 
Harris Application Note 517 for a collection of circuit Ideas. 


A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01 to 0.1 ^F, 
ceramic) should be provided from each power supply termi¬ 
nal to the Supply Ground terminal on pin 13. 

The ideal ground connections are pin 6 (SIG. Ground) 
directly to the system Signal Ground, and pin 13 (Supply 
Ground) directly to the system Supply Common. 

Hold Capacitor 

The HA-5320 includes a lOOpF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on this internal capacitor). 


If an external hold capacitor Chext's used, then a noise 
bandwidth capacitor of value O.IChext should be connected 
from pin 8 to ground. Exact value and type are not critical. 

The hold capacitor Chext should have high insulation resis¬ 
tance and low dielectric absorption, to minimize droop 
errors. Polystyrene dielectric Is a good choice for operating 
temperatures up to +85°C. Teflon® and glass dielectrics 
offer good performance to +125°C and above. 

The hold capacitor terminal (pin 11) remains at virtual 
ground potential. Any PC connection to this terminal should 
be kept short and “guarded” by the ground plane, since 
nearby signal lines or power supply voltages will introduce 
errors due to drift current. 

®Teflon is a registered Trademark of Dupont Corporation. 

Applications 

Figure 1 shows the HA-5320 connected as a unity gain non¬ 
inverting amplifier - its most widely used configuration. As an 
input device for a fast successive - approximation A/D 
converter, it offers very high throughput rate for a monolithic 
1C sample/hold amplifier. Also, the HA-5320’s hold step error 
is adjustable to zero using the Offset Adjust potentiometer, 
to deliver a 12 bit accurate output from the converter. 

The application may call for an external hold capacitor Chext 
as shown. As mentioned earlier, 0.1 Chext ‘s then recom¬ 
mended at pin 8 to reduce output noise in the Hold mode. 

The HA-5320 output circuit does not include short circuit 
protection, and consequently its output Impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an AID conversion are absorbed 
at the S/H output with minimum voltage error. A momentary 
short circuit to ground Is permissible, but the output is not 
designed to tolerate a short of indefinite duration. 


r-Ih- 

(11 Chext 


S/H CONTROL ‘ 


vvyi^vcni 




.SYSTEM POWER JLSYSTEM SIGNAL 
^GROUND VGROUND 


ANALOG 
> COMMON 


NOTE: Pin Numbers 
Refer to DIP 
Package 
Only. 


FIGURE 1. TYPICAL HA-5320 CONNECTIONS; NONINVERTING UNITY GAIN MODE 
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HA-5320 


Test Circuits 


_2l _ 


sm ^ 

CONTROLVfi 

■Mnrui 

V 14 

^CONTROL 

-i—NC 

-11- NC 

INPUT T 

HA-5320 



V {Ch = 100pF) 

FIGURE 2. CHARGE TRANSFER AND DRIFT CURRENT 


S/H CONTROL 


HOLD (-^3.5V) 
SAMPLE (OV) 


Sm CONTROL 


HOLD (■►3.5V) 
SAMPLE (OV) 


1. Observe the “hold step" voltage Vp 

2. Compute charge transfer: Q = VpCh 


1. Observe the voltage “droop", AVq/AT 

2. Measure the slope of the output during hold, AVq/AT, and com¬ 
pute drift current: Iq = Ch AVq/AT. 


FIGURES. CHARGE TRANSFER TEST 


FIGURE 4. DRIFT CURRENT TEST 


10Vp.p 
100kHz 
SINE WAVE 


S/H CONTROL 
INPUT 



TO 

SUPPLY 

COMMON 


TO NC 
SIGNAL 
GND 


1. Feedthrough in 

dB = 201og-^5HI where: 

''in 

Vqut ” VoltSp.p, Hold Mode, 
V,N = VoltSp.p 


FIGURE 5. HOLD MODE FEED THROUGH ATTENUATION 
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Typical Performance Curves 


ACQUISITION TIME FOR 
■ 10V STEP TO +0.01% (fi«) ■ 


. VOLTAGE DROOP DURING . 
' HOLD MODE, (mV/IOOms) 


SAMPLE-TO-HOLD OFFSET 
(HOLD STEP) ERROR, (mV) 

0.01 - 1 -^-- 

100 1000 10K 100K 

Ch value (pF) 

FIGURE 6. TYPICAL SAMPLE AND HOLD PERFORMANCE AS 
A FUNCTION OF HOLDING CAPACITOR 




-25 0 +25 +50 +75 +100 +125 

TEMPERATURE (®C) 

FIGURE 7. DRIFT CURRENT vs TEMPERATURE 



0 10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 

FIGURE 8. OPEN LOOP GAIN AND PHASE RESPONSE 


TAa+25®C 


HOLD STEP VOLTAGE (mV) 


Ch = 100pF 


ChsIOOOpF 




-10 -8 -6 -4 -2 I 2 4 6 J 

DC INPUT (V) 

9A. HOLD STEP vs INPUT VOLTAGE 


LOGIC LEVEL HIGH (V) 


P VS INPUT VOLTAGE 9B. HOLD STEP vs LOGIC (V,h) VOLTAGE 

FIGURE 9. TYPICAL SAMPLE-TO-HOLD OFFSET (HOLD STEP) ERROR 
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Glossary of Terms 

Acquisition Time 

The time required following a “sample” command, for the 
output to reach Its final value within ±0.1% or ±0.01%. This Is 
the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 

Charge Transfer 

The small charge transferred to the holding capacitor from 
the inter-electrode capacitance of the switch when the unit is 
switched to the HOLD mode. Charge transfer is directly 
proportional to sample-to-hold offset pedestal error, where: 

Charge Transfer (pC) = Ch (pF) x Hold Step Error (V) 
Aperture Time 

The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is the interval 
between the conditions of 10% open and 90% open. 

Hold Step Error 

Hold Step Error is the output error due to Charge Transfer 
(see above). It may be calculated from the specified param¬ 
eter, Charge Transfer, using the following relationship: 

Hold step (V) = Chary Transfer (^) 

Hold Capacitance (pF) 

See Performance Curves. 


EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to Vj^ at the instant the 
Hold command was received. For negative EADT, the output 
in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of V||si that occurred before the Hold 
command. 

Aperture Uncertainty 

The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay Uncer¬ 
tainty, Aperture Time Jitter, etc.) sets a limit on the accuracy 
with which a waveform can be reconstructed from sample 
data. 

Drift Current 

The net leakage current from the hold capacitor during the 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 

Ip (pA) = Ch(pF) (V/s) 


Die Characteristics 

Transistor Count.175 

Die Dimensions.90.2 x 143.7 x 19 mils 


Effective Aperture Delay Time (EADT) 

The difference between the digital delay time from the Hold 
command to the opening of the S/H switch, and the propaga¬ 
tion time from the analog input to the switch. 


Substrate Potential. 


• • • “VsUPPLY 

Process. 


.. Bipolar Dl 

Thermal Constants (®C/W) 

0JA 

®JC 

Ceramic DIP. 

.70 

13 

Plastic DIP. 

.85 

23 

SOIC. 

.95 

26 


4-18 













SEMICONDUCTOR 


HA-5330 


March 1993 


Very High Speed Precision 
Monolithic Sample and Hold Amplifier 


Features 

• Very Fast Acquisition_500ns (0.1%) 650ns (0.01%) 

• Low Droop Rate.0.01|xV/p,s 

• Very Low Offset.0.2mV 

• High Slew Rate.90V/|is 

• Wide Supply Range.±10V to ±20V 

• Internal Hold Capacitor 

• Fully Differential Input 

• TTiyCMOS Compatible 

Applications 

• Precision Data Acquisition Systems 

• D/A Converter Deglitching 

• Auto-Zero Circuits 

• Peak Detectors 


Description 

The HA-5330 is a very fast sample and hold amplifier designed 
primarily for use with high speed A/D converters. It utilizes the 
Harris Dielectric Isolation process to achieve a 650ns acquisition 
time to 12 bit accuracy and a droop rate of 0.01^lV/|is. The circuit 
consists of an Input transconductance amplifier capable of pro¬ 
ducing large amounts of charging current, a bw leakage analog 
switch, and an Integrating output stage whbh includes a 90pF 
hold capacitor. 

The analog switch operates Into a virtual ground, so charge injec- 
tbn on the hold capacitor Is constant and Independent of Vin. 
Charge injection Is heb to a low value by compensation circuits 
and, if necessary, the resulting 0.5mV hold step error can be 
adjusted to zero via the Offset Adjust terminals. Compensation Is 
also used to minimize leakage currents whbh cause voltage 
droop In the Hob mode. 

The HA-5330 will operate at reduced supply voltages (to ±10V) 
with a reduced signal range. The MIL-STD-883 data sheet for 
this device is available on request. 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA1-5330-2 

-55°C to +125°C 

14 Lead Ceramic DIP 

HA1-5330-4 

-25°C to +85°C 

14 Lead Ceramic DIP 

HA1-5330-5 

0°C to +75°C 

14 Lead Ceramic DIP 

HA3-5330-5 

0°C to +75°C 

14 Lead Plastic DIP 


Pinout 


HA-5330 
(PDIP, CDIP) 

TOP VIEW 


+IN Ll 
NC[2 
OFFSET ADJ. [T 

offsetadj.it 

V-[5 
NC[? 
OUTPUT[7 


141-IN 

iiiNc 

SIGNAL GND 
iT] SUPPLY GND 

13 v+ 

9]nC 

il S/H CONTROL 


Functional Diagram 


S/H , 

CONTROL 



SUPPLY V- SIGNAL 
GND GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 a 
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Specifications HA-5330 


Absolute Maximum Ratings (Note i) 


Voltage between V+ and SUPPLY/SIG GND.+20V 

Voltage between V- and SUPPLY/SIG GND.-20V 

Voltage between SUPPLY GND and SIG GND.±2.0V 

Voltage between Control and SUPPLY/SIG GND.+8V, -6V 

Differential Input Voltage.24V 

Output Current, Continuous (Note 2).±17mA 

Junction Temperature (Note 13).+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soidering 10 Sec.).+300°C 


Operating Conditions 


55°C^Ta^+125®C 
.-25®C:STa^+85°C 
..0°C<:Ta^+75°C 
.-65°C^Ta^150°C 
.±10Vto±20V 


Operating Temperature Range 

HA-5330-2. 

HA-5330-4. 

HA-5330-5. 

Storage Temperature Range.. 
Supply Voltage Range (TYP).. 


CAUTION: Stresses above those listed in “Absoiute Maximum Ratings" may cause permanent damage to the device. This is a stress oniy rating and operation 
of die device at these or any other conditions above those indicated in the c^erationai sections of this specification is not impiied. 


Electrical Speciflcations Vsupply = ±15V: S/H Control V|l = + 0 . 8 V (Sample): V|H = +2.0V (Hold); SIG GND = SUPPLY GND, 
Unity Gain Configuiation (Output tied to -Input), Unless Othenwise Specified 





























































































































































Specifications HA-5330 


Electrical Specifications Vaupp^y = ±15V; ^ Control V|l = -rO-SV (Sample): V|H = ■f2.0V (Hold); SIQ GND = SUPPLY GND, 
Unity Gain Configuration (Output tied to -Input), Unless Otherwise Specified (Continued) 


HA-5330-2, -4 


PARAMETER 

TEMPERATURE 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage (High), V|h 

Full 

Input Voltage (Low), V|l 

Full 

Input Current (V|l = OV) 

Full 

Input Current (V^ = +5V) 

Full 

SAMPLE/HOLD CHARACTERISTICS 

Acquisition Time (Note 8) 


(0.1%) 

+25®C 


Full 

(0.01%) 

+25®C 


Full 

Aperture Time (Note 3) 

+25°C 

Effective Aperture Delay Time (See Glossary) 

+25°C 

Aperture Uncertainty 

+25°C 

Droop Rate (Note 9) 

+25®C 


Full 

Hold Step Error (Note 10) 

+25°C 

Hold Mode Settling Time (0.01%) 

+25°C 

Hold Mode Feedthru 20Vp.p, 100kHz 

Full 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Current 

Full 

Negative Supply Current 

Full 

Power Supply Rejection, V+, V- (Note 11) 

Full 



1. Absolute maximum ratings are limiting values, applied individually, beyond which serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Internal Power Dissipation may limit Output Current below ±17mA. 

3. Derived from computer simulation only; not tested. 

4. +Vcm = ±10VDC. 

5. V, = 200mV Step; Rl = 2K; Cl = 50pF. 

6. Full power bandwidth based on slew rate measurement using: FPBW = —--. Distortion of wave shape occurs beyond 10OKHz 

due to siew rate enhancement circuitry. PEAK 

7. Vo = 20V Step; Rl = 2kQ; Cl = 50pF. 

8. Vo 10V Step; Rl = 2kQ; Cl = 50pF. 

9. This parameter is measured at ambient temperature extremes in a high speed test environment. Consequently, steady state heating 
effects from internal power dissipation are not included. 

10. V|N = OV; V|H = +3.5V; tp = 22ns (V|l to V|h). See graph. 

11. Based on a three volt delta In each supply, i.e. 15V = ±1.5V DC. 

12. VouT “ 200mVp.p, Rl = 2kO, Cl = 50pF. 

13. Maximum power dissipation, including output load, must be designed to maintain the junction temperature below +1 75°C for the ceramic 
package, and below +150X for the plastic package 
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Applying the HA-5330 

The HA-5330 has the uncommitted differential inputs of an 
op amp, allowing the Sample/Hold function to be combined 
with many conventional op amp circuit ideas. See the Harris 
Application Note 517 for a collection of circuit ideas. 

Layout 

A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01 pF to 0.1 pF, 
ceramic) should be provided from each power supply 
terminal to the Supply GND Terminal on pin 11. 

Applications 

The HA-5330 Is configured as a unity gain noninverting 
amplifier by simply connecting the output (pin 7) to the 
inverting input (pin 14). As an input device for a fast succes¬ 
sive - approximation A/D converter, it offers an extremely 
high throughput rate. Also, the HA-5330’s pedestal error is 
adjustable to zero by using an Offset Adjust potentiometer 
(10K to 50K) center tapped to V-. 


Iliiiiii 
■lllllll 
■llllllll 
■llllllll 
■llllllli 


_liliii spilll 

■n TiTnmi 


100K 

FREQUENCY (Hz) 


FIGURE 2. MAGNITUDE AND PHASE RESPONSE 
(CLOSED LOOP GAIN s 100) 

Output Stage 

The HA-5330 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 


curren^whlch occur during an A/D conversion are absorbed 
at the S/H output with minimum voltage error. A m.omentary 
short circuit to ground is permissible, but the output is not 
designed to tolerate a short of indefinite duration. 

Glossary of Terms 

Acquisition Time 

The time required following a “sample” command, for the 
output to reach its final value within ±0.1% or ±0.01%. This is 
the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 

Aperture Time 

The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 10% open and 90% open. 

Hold Step Error 

Hold step error Is the output shift due to charge transfer from 
the sample to the hold mode. It Is also referred to as “offset 
step” or “pedestal error”. 


FIGURE 1. HA-5330 OFFSET ADJUST 

The Ideal ground connections are pin 11 (Supply Ground) 
directly to the system Supply Common, and pin 12 (Signal 
Ground) directly to the system Signal Ground (Analog 
Ground). 

Hold Capacitor 

The HA-5330 includes a 90pF MOS hold capacitor, sufficient 
for most high speed applications (the Electrical Specifica¬ 
tions section Is based on the internal capacitor). 


Illlllll■lllillll■lllllll 
■iii!!!!!«IIIIIIIIHIIIIII 
■lllllllliiSIIIIIIIBIIIIIII 
■lllllill■lll^:l!!l■llllll[ 
■llllllll■llll 
S!l||||||l 
■llliiBl 
■llllllll■llll 
■lllllllll 
■lllllllll 
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20 40 60 60 100 

RISE TIME (ns) OV TO 3.5V 

FIGURE 3. HOLD STEP ERROR vs S/H CONTROL RISE TIME 
Effective Aperture Delay Time (EADT) 

The difference between the digjtal delay time from the Hold 
command to the opening of the S/H switch, and the propaga¬ 
tion time from the analog input to the switch. 

EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to at the instant the 
Hold command was received. For negative EADT, the output 
in Hold (exclusive of pedestal and droop errors) will 

correspond to a value of V|n that occurred before the Hold 
command. 

Aperture Uncertainty 

The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay 

Uncertainty, Aperture Time Jitter, etc.) sets a limit on the 
accuracy with which a waveform can be reconstructed from 
sample data. 

Die Characteristics 

Transistor Count..205 

Die Dimensions.99 x 166 x 19 mils 

Substrate Potential.SIG GND 

Process.. BipolarDl 

Thermal Constants (®C/W) 0ja 0jc 

Ceramic DIP.70 13 

Plastic DIP.85 23 
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SEMICONDUCTOR 


HA’5340 


March 1993 


High Speed, Low Distortion, Precision 
Monolithic Sample and Hold Amplifier 


Features 

• Fast Acquisition Time (0.01%).700ns 

• Fast Hold Mode Settling Time (0.01%).200ns 

• Low Distortion (Hold Mode).-72dBc 

(V,N = 200kH2, Fs = 450kHz, 5Vp.p) 

• Bandwidth Minimally Affected By External Ch 

• Fully Differential Analog Inputs 

• Built-in 135pF Hold Capacitor 

• Pin Compatible with HA-5320 

Applications 

• High Bandwidth Precision Data Acquisition Systems 

• Inertial Navigation and Guidance Systems 

• Ultrasonics 


Ordering Information 


TEMPERATURE 


HA9P5340-5 


0°C to +75°C 14 Lead Ceramic DIP 

-40°C to +85°C 14 Lead Ceramic DIP 

0°C to +75°C 14 Lead Plastic DIP 

-40°C to +85°C 14 Lead Plastic DIP 

0°C to +75°C 16 Lead Wide Body SOIC 


Description 

The HA-5340 combines the advantages of two sample/ hold 
architectures to create a new generation of monolithic 
sample/hold. High amplitude, high frequency signals can be 
sampled with very low distortion being introduced. The 
combination of exceptionally fast acquisition time and 
specified/characterized hold mode distortion is an industry 
first. Additionally, the AC performance is only minimally 
affected by additional hold capacitance. 

To achieve this level of performance, the benefits of an 
integrating output stage have been combined with the 
advantages of a buffered hold capacitor. To the user this 
translates to a front-end stage that has high bandwidth due 
to charging only a small capacitive load and an output stage 
with constant pedestal error which can be nulled out using 
the offset adjust pins. Since the performance penalty for 
additional hold capacitance is low, the designer can further 
minimize pedestal error and droop rate without sacrificing 
speed. 

Low distortion, fast acquisition, and low droop rate are the 
result, making the HA-5340 the obvious choice for high 
speed, high accuracy sampling systems. 

For a Military temperature range version request the 
HA-5340/883 data sheet. 


Pinouts 


HA-5340 
(PDIP, CDIP) 
TOP VIEW 


HA-5340 
(300 mil SOIC) 
TOP VIEW 


OFFSET ADJ. 


OFFSET ADJ. 



4l S/H CONTROL 


3l SUPPLY GND 


EXTERNAL 
HOLD CAP. 


OFFSET ADJ. [3 
OFFSET ADJ. IT 



m S/H CONTROL 
SUPPLY GND 


EXTERNAL 
HOLD CAP. 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow prq^er I.C. Handling Procedures. 
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Specifications HA-5340 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Voltage Between ¥+ and V- Terminals.36V Operating Temperature Range 


Differential Input Voltage.24V 

Digital Input Voltage.+8V, -6V 


HA-5340-9.-40°C < Ta < +85°C 

HA-5340-5...0°C ^ Ta < +75°C 


Output Current, Continuous..±20mA Storage Temperature Range.-65°C < Ta < +150°C 

Junction Temperature (Note 5).+175°C Supply Voltage Range (TYP).±12V to ± 18V 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings“ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the (^erational sections of this specification is not implied. 


Electrical Specifications Vsupply = ±15.0V; C^ = internal = 135pF; Digital Input: V|L = -fO.OV (Sample), V^ = +2.0V (Hold). Non-Inverting 
Unity Gain Configuration (Output tied to -Input), Rl = 2kQ, Cl = 60pF, Unless Othenwise Specified 


INPUT CHARACTERISTICS 


Input Voltage Range 


Input Resistance (Note 2) 


input Capacitance 


Input Offset Voltage 


Offset Voltage Temperature Coefficient 


Bias Current 


Common Mode Range 


CMRR (±10Vdc)(Note3) 


TRANSFER CHARACTERISTICS 


TEMPERATURE 


HA-5340-9 HA-5340-5 



Gain, DC 

+25°C 

Gain Bandwidth Product Ch External = OpF 

Full 

Ch External = lOOpF 

Full 

Ch External = lOOOpF 

Full 

TRANSIENT RESPONSE 

Rise Time (200mV step) 

+25°C 

Overshoot (200mV step) 

+25°C 

Slew Rate (10V step) 

+25°C 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage (High), V|h 

Full 

Input Voltage (Low), V|l 

Full 

Input Current Vjl = OV, I|l 

Full 

Input Current V|h = 5V, I|h 

Full 
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Specifications HA-5340 


Electrical Specifications Vgupp^y = ±1 5.0V; Ch = internal = ISSpF; Digital input: V,L = -fO.SV (Sample), 
Unity Gain Configuration (Output tied to -Input), Rl = 2kQ, Cl = 60pF, Uniess 


V|H = +2.0V (Hold). Non-Inverting 
Otherwise Specified (Continued) 


r5340-9 HA-5340-5 


TEMPERATURE 


OUTPUT CHARACTERISTICS 


Output Voltage 


Output Current 


Full Power Bandwidth (Slew Rate Limited) (Note 4) 


Output Resistance - Hold Mode 


TOTAL OUTPUT NOISE, D.C. TO 10MHz 


Sample Mode 


DISTORTION CHARACTERISTICS 


SAMPLE MODE 


Signal to Noise Ratio 
(RMS Signal to RMS noise) 


Total Harmonic Distortion V|n = 200kHz, 5Vp.p 

V,N = 200kHz, 10Vp.p 
V,N = 200kHz, 20Vp.p 
V,N = 500kHz, 5Vp.p 


V,N = 200kHz (20Vp.p) 


Intermodulation Distortion V|n = 10Vp.p (f1 = 20kHz, f2 = 21kHz) 


HOLD MODE (50% Duty Cycle S/H) 

Signal to Noise Ratio (RMS Signal to RMS noise) 


Fs = 450kHz 


Total Harmonic Distortion 


Fs = 450kHz 


Fs = 450kH2 


Fs = 2f|N(Nyquist) 


Intermodulatlon Distortion 
Fs = 450kHz 


V|N = 200kHz, 5Vp 
V,N = 200kHz, 10V 


V|N = 200kHz, 5Vp.p 
V|N = 200kHz. 10Vp.p 
V,N = 200kHz, 20Vp.p 


V,N = 100kHz, 5Vp. 
V,N = 100kHz, 10V| 
V,N = lOOkHz, 20V, 


V,N = 20kHz, 5Vp. 
V,N = 50kHz, 5Vp. 
V,M = 100kHz, 5V| 


(f1 = 20kHz, f2 = 21kHz) 




400 pVpMs 


400 pVrms 
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Specifications HA-5340 


Electrical Specifications Vsupply = ±15.0V; Ch ° internal = 135pF; Digital Input: ViL = -f0.8V (Sample), V,h = +2.0V (Hold). Non-Inverting 

Unity Gain Configuration (Output tied to -input), Rl = Skft Cj. = 60pF, Unless Otherwise Specified (Continued) 


PARAMETER 

TEMPERATURE 

HA-5340-9 HA-5340-5 

UNITS 

IIQQI 

TYP 

MAX 

SAMPLE/HOLD CHARACTERISTICS | 

Acquisition Time 10V Step to 0.01 % 

+25°C 


700 

- 

ns 

Full 


- 

900 

ns 

10V Step to 0.1% 

+25°C 


430 

600 

ns 

Droop Rate (Ch = Internal) 

+25®C 


0.1 

- 

pV/ps 

Full 


- 

95 

pV/ps 

Hold Step Error (V,l = OV, V,h = 4.0V, tR = 5ns) 

+25°C 


15 

- 

mV 

Hold Mode Settling Time (to ±1 mV) 

Full 


200 

300 

ns 

Hold Mode Feedthrough (20Vp.p, 200kHz, sine) 

Full 


-76 

- 

dB 

EADT (Effective Aperture Delay Time) 

+25°C 


-15 

- 

ns 

Aperture Uncertainty 

+25°C 


0.2 

- 

ns 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Current 

Full 

- 

19 

25 

mA 

Negative Supply Current 

Full 

- 

19 

25 

mA 

PSRR (Vor -V, 10% delta) 

Full 

75 

82 

- 

dB 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions is not necessarily implied. 

2. Derived from Computer Simulation only, not tested. 

3. +CMRR is measured from OV to +10V, -CMRR Is measured from OV to -10V 

4. Based on the calculation FPBW = Slew Rate/27tVpEAK (Vpeak= ‘•OV). 

5. See Thermal Impedances in “Die Characteristics" section. Maximum power dissipation must be designed to maintain the junction tem¬ 
perature below +175°C for the ceramic package, and below +150°C for the plastic packages. 


Functionai Diagram 


ChOLO EXTERNAL 



Die Characteristics 


Transistor Count. 


.196 

Die Dimensions. 

.139 X 84 X 19 mils 

Tie Substrate To. 


.V- 

Process. 


.. Bipolar Dl 

Thermal Constants (°C/W) 

®JA 

ejc 

Ceramic DIP. 

.70 

13 

Plastic DIP. 

.85 

23 

SOIC. 

.95 

26 
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Applying the HA-5340 

The HA-5340 has the uncommitted differential inputs of an 
op amp, aliowing the Sample and Hold function to be 
combined with many conventional op amp circuits. See the 
Harris Application Note 517 for a collection of circuit Ideas. 


A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01 pF to 0.1 |iF, 
ceramic) should be provided from each power supply termi¬ 
nal to the Supply Ground terminal on pin 13. 

The ideal ground connections are pin 6 (SIG. GND) directly 
to the system Signal Ground, and pin 13 (Supply Ground) 
directly to the system Supply Common. 

Hold Capacitor 

The HA-5340 Includes a 135pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on this Internal capacitor). 
Additional capacitance may be added between pins 7 and 
11 . This external hold capacitance will reduce droop rate at 
the expense of acquisition time, and provide other trade-offs 
as shown in the Performance Curves. 

The hold capacitor Ch should have high insulation 
resistance and low dielectric absorption, to minimize droop 
errors. Teflon®, polystyrene and polypropylene dielectric 
capacitor types offer good performance over the specified 
operating temperature range. 


The hold capacitor terminal (pin 11) remains at virtual 
ground potential. Any PC connection to this terminal should 
be kept short and “guarded” by the ground plane, since 
nearby signal lines or power supply voltages will introduce 
errors due to drift current. 

©Teflon is a registered Trademark of Dupont Corporation. 

Applications 

Figure 1 shows the HA-5340 connected as a unity gain non- 
inverting amplifier - Its most widely used configuration. As an 
input device for a fast successive - approximation A/D 
converter, it offers very high throughput rate for a monolithic 
1C sample/hold amplifier. Also, the HA-5340’s hold step error 
is adjustable to zero using the Offset Adjust potentiometer, 
to deliver a 12 bit accurate output from the converter. 

The HA-5340 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an A/D conversion are absorbed 
at the S/H output with minimum voltage error. A momentary 
short circuit to ground Is permissible, but the output is not 
designed to tolerate a short of indefinite duration. 


4 5 9 11 


^. u .I 


S/H CONTROL < 



R/C 

ANALOG 

COMMON 


SYSTEM 

POWER 

GROUND 


SYSTEM 

SIGNAL 

GROUND 


NOTE: Pin Numbers Refer to 
DIP Package Only. 


FIGURE 1. TYPICAL HA-5340 CONNECTIONS; NONINVERTING UNITY GAIN MODE 
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HA-5340 


Test Circuits 


Sh - 

CONTROLS 
INPUT ^ 


-INPUT 
+INPUT 
S/H CONTROL 


V (Ch > 135pF B INTERNAL) 

FIGURE 2. HOLD STEP ERROR AND DROOP RATE 


S/H CONTROL 


HOLD (-14.07) 
SAMPLE (OV) 


Sm CONTROL 


NOTE: 

1 . Observe the “hold step" voltage Vp 


SAMPLE (OV) 


FIGURE 3. HOLD STEP ERROR 


1. Observe the voltage “droop", AVq/AT 

2. Measure the slope of the output during hold, AVq/AT 

3. Droop can be positive or negative > usually to one rail or the other 
not to GND 

FIGURE 4. DROOP RATE TEST 


20Vp.p 

200kHz 
SINE WAVE 


S/H CONTROL 
INPUT 



TO TO 
SUPPLY SIGNAL 
COMMON GND 


1. Feedthrough in 

dB = 20Iog vvhere: 

''in 

Vqut — VoltSp.p, Hold Mode, 
^IN ” VoltSp.p 


FIGURE 5. HOLD MODE FEED THROUGH ATTENUATION 
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HOLD STEP ERROR (mV) DROOP RATE (^iV/^is) 


HA-5340 
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HOLD STEP ERROR (mV) 


Typical Performance Curves = +25°c.Vs=±i5v, umess otherwise specified (continued) 



0 200 400 600 800 1 000 ^5 -35 -15 0 25 50 75 100 125 


EXTERNAL HOLD CAPACITANCE (pF) TEMPERATURE (<»C) 

FIGURE 12. HOLD STEP ERROR vs HOLD CAPACITANCE FIGURE 13. HOLD STEP ERROR vs TEMPERATURE 





FIGURE 16. THD vs FREQUENCY FIGURE 17. THD vs Vqut 


±15V and ±12V supplies trace the same line within 
the width of the line, therefore only one line is shown. 
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SEMICONDUCTOR 


HA5350, HA5351 


PRELIMINARY 

March 1993 


Ultra Fast (50ns) 
Sample and Hold Amplifiers 


Features 

• Ultra Fast Acquisition. 

• Very Low Offset Error. 

• Very Low Hold Step Error. 

• On Chip Hoid Capacitor 

• Fast Hold Mode Settling Time. 

• Low Power Dissipation. 

• Total Harmonic Distortion (Hoid Mode)... 

• Fuiiy Differentiai Inputs 

• Embedded Track/Peak Function (HA5350) 

Applications 

• Synchronous Sampiing 

• Instrumentation 

• A/D Conversion 

• Peak Detectors 


... 50ns 
. .0.5mV 
.1.25mV 


...30ns 
.200mW 
. >68dBc 


Description 

The HA5350/51 are ultra-fast sample/hold amplifiers designed 
for a wide range of applications including A/D conversion, 
synchronous sampling, and peak detection. Built with the Harris 
HBC-10 BiCMOS process, these sample/hold amplifiers also 
feature extremely low power dissipatbn, making them ideal for 
use in systems that sample multiple signals and require low 
power. The HA5350 features fully differential Inputs, offset adjust¬ 
ment and an external hold capacitor pin to reduce droop rate if 
required. In additbn, it can be configured as a dedicated peak 
detector with the additbn of an external dbde. The HA5351 is an 
8 bad version designed for minimum board space. Both HA5350 
and H/V5351 are available in PDIP, CERDIP, and SOIC packages 
as Indicated below. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA5350IP 

-40°C to +85°C 

14 Lead Plastic DIP 

HA5350IJ 

-40°C to +85°C 

14 Lead Ceramic DIP 

HA53501B 

-40°C to +85°C 

14 Lead SOIC 

HA5351IP 

-40°C to +85°C 

8 Lead Plastic DIP 

HA5351IJ 

-40°C to +85°C 

8 Lead Ceramic DIP 

HA5351IB 

-40°C to +85°C 

8 Lead SOIC 


Pinouts 


HA5350 

(PDIP, CDIP, SOIC) 
TOP VIEW 


-i-IN ] 
NC| 
+OFFSETI 
-OFFSET I 

v-l 

Cext i 

OUT I 


HA5351 

(PDIP, CDIP, SOIC) 
TOP VIEW 


- 14] 4N 

-i-IN 

E 

—vj - 

t iUNC 

NC 

E 


r 

- 12] SIG GND 

VL 

E 

V 

fT gnd/Iout 

OUT 1 

E 

_J L.. 

“* i —1 

L ; i3v+ 





U -*N 
3 GND 
11 V+ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow prefer I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 oi 
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Specifications HA5350, HA5351 


Absolute Maximum Ratings (Note i) 

Voltage Between y+ and V- Terminals .+117 

Differential Input Voltage.... 6V 

Voltage Between Control and Ground.+5.5V 


Operating Conditions 

Operating Temperature Range 

HA5350I.-40°C < T^ < +85°C 

HA53511.-40°C +85°C 


Output Current, Continuous.±30mA Storage Temperature Range.-65°C ^ T^ ^ +150°C 

Junction Temperature (Ceramic Package)...+175°C 

Junction Temperature (Plastic Package)..+150®C 

Lead Temperature (Soldering 10 Sec.).... +300°C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the dewce at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions (Unless otherwise Specified) Vsupply = = Internal = 15pF, Digital input; 

V|L =+0.0V (Sample), V,H = 4.0V (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), 
Rl = 5000, Cl = 50pF 


PARAMETERS 


INPUT CHARACTERISTICS 


Input Voltage Range 


input Resistance (Note 2) 


Input Capacitance 


input Offset Voltage 


Offset Voltage Temperature Coefficient 


Bias Current 


Common Mode Range 


CMRR (±2.5Vdc) (Note 3) 


TRANSFER CHARACTERISTICS 


Gain, DC 


Gain Bandwidth Product 


TRANSIENT RESPONSE 


Rise Time (20< 


Overshoot (20( 


Slew Rate (2.£ 


DIGITAL INPUT CHARACTERISTICS 


Input Voltage (High) V|h 


Input Voltage (Low) V|l 


Input Current V|l = OV Iil 


Input Current (V|h = 5V) Iih 



Ch External = OpF 
Ch External = 5pF 
Ch External = lOpF 


(200mVStep) 


(200mVStep) 


(2.5V Step) 
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Specifications HA5350, HA5351 


Electrical Specifications Test Conditions (Unless Othenwise Specified) Vsupply = Ch = Internal = 15 pF, Digital Input 

V|L = +0.0V (Sample), V,h- 4 .OV (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), 
Rl = 5000, Cl = 50pF (Continued) 



OUTPUT CHARACTERISTICS 


Output Voltage 


Output Current Drive (1000 to db2.0V) 


Full Power Bandwidth (Slew Rate Limited) (Note 4) 


Output Resistance - Hold Mode 


TOTAL OUTPUT NOISE, D.C. TO 10MHz 


Sample Mode 


DISTORTION CHARACTERISTICS 


SAMPLE MODE 

Signal to Noise Ratio 
(RMS Signal to RMS Noise) 



Total Harmonic Distortion 


Intermodulation Distortion 

V,N = 5Vp.p F 


HOLD MODE (50% Duty Cycle S'H) 

Signal to Noise Ratio 
(RMS Signal to RMS Noise) 

Fs = 5MHz V 


Fs = 2F|N(Nyquist) 


Intermodulation Distortion 
Fs = 5MHz 


V|N = 5Vp.p 

(FI = 200kHz, F2=: 201kHz) 


SAMPLE AND HOLD CHARACTERISTICS 


Acquisition Time 


Droop Rate (Ch = Internal) 


2.5V Step toll mV 


2.5V Step to 0.01% 


Hold Step Error (V|l = OV, V^ = 4.0V, tp = 5ns) 


Hold Mode Settling Time (to ±1mV) 








































































































Specifications HA5350, HA5351 


Electrical Specifications Test Conditions (Unless otherwise Specified) Vsupply = ±5V; Ch = Internal = 16pF, Digital Input: 

VjL = +0.0V (Sample), V|H = 4 •OV (Hold). Non-inverting Unity Gain Configuration (Output Tied to -Input), 
Rl = 5000, Cl = 50pF (Continued) 


PARAMETERS 

TEMP 

HA5350I, HA5351I LIMITS 

UNITS 

MIN 

TYP 

MAX 

SAMPLE AND HOLD CHARACTERISTICS (Continued) 

Hold Mode Feedthrough (5Vp.p, 500kHz, Sine) 

+25°C 

68 

- 

- 

dB 

EADT (Effective Aperture Delay Time) 

+25°C 

- 

10 

- 

ns 

Aperture Uncertainty 

+25°C 

- 

10 

- 

ps 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Current 

Full 

- 

20 

22 

mA 

Negative Supply Current 

Full 

- 

20 

22 

mA 

PSRR (V+ or V-, 10% Delta) 

Full 

65 

- 

- 

dB 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be Impaired. Func¬ 
tional operation under any of these conditions is not necessarily implied. 

2. Derived from Computer Simulation only, not tested. 

3. +CMRR is measured from OV to +2.5V, -CMRR is measured from OV to -2.5V. 

4. Based on the calculation FPBW = Slew Rate/27cVpEAK (^peak = 2.5V). 







































HA5350, HA5351 


Die Characteristics 

DIE DIMENSIONS: 

70x90x 19± 1mils 

METALLIZATION: 

Metal 1: AlCu (1%)/TIW, Thickness: 6kA ± 0.75kA 
Metal 2: AlCu (1%), Thickness: 16kA± 1.1 kA 

GLASSIVATION: 

Type: Sandwich Passivation (Nitride + Oxide) 

Thickness: Silox - 8kA ± O.SkA; Nitride - 4.2kA ± 0.4kA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 
Eutectic - Ceramic DIP 

TRANSISTOR COUNT: 165 

SUBSTRATE POTENTIAL (Powered Up): V- 

Metallization Mask Layout 

HA5350, HA5351 



OUT OUT 

NOTE: Adjacent pads with the same names (e.g. V-) must both be bonded to the same point. 
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SEMICONDUCTOR 


HA5352 


PRELIMINARY 


March 1993 


Ultra Fast (50ns) Dual 
Sample and Hold Amplifier 


Features 

• Ultra Fast Acquisition.50ns 

• Very Low Offset Error.0.5mV 

• Very Low Hold Step Error.1.25niV 

• On Chip Hold Capacitor 

• Fast Hold Mode Settling Time. 30ns 

• Low Power Dissipation.200mW 

• Total Harmonic Distortion (Hoid Mode).-68dBc 

• Fuiiy Differentiai Inputs 

Applications 

• Synchronous Sampling 

• Instrumentation 

• A/D Conversion 

• Peak Detectors 


Description 

The HA5352 is an ultra-fast dual sample/hold amplifier 
designed for a wide range of applications including A/D 
conversion, synchronous sampling, and peak detection. Built 
with the Harris HBC-10 BiCMOS process, this sample/hoid 
amplifier also features extremely low power dissipation, 
making it ideal for use in systems that sample multiple 
signals and require low power. 

The HA5352 is available In PDIP, CERDIP, and SOIC 
packages as indicated below. 


Ordering Information 

PART TEMPERATURE 

NUMBER RANGE _ PACKAGE 

HA5352IP -40°C to +85°C 14 Lead Plastic DIP 

HA6352IJ -40°C to +85°C 14 Lead Ceramic DIP 

HA5352IB -40°C to +85°C 16 Lead Wide Body SOIC 


Pinouts 


HA5352 
(300 mil SOIC) 
TOP VIEW 


HA5352 
(PDIP, CDIP) 
TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 . 
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Specifications HA5352 


Absolute Maximum Ratings (Note 1 ) 


Operating Conditions 


Voltage Between V+ and V- Terminals. 

Differential Input Voltage. 

Voltage Between ^H Control and Ground. 

Output Current, Continuous. 

Junction Temperature (Ceramic Package). 

Junction Temperature (Plastic Package). 

Lead Temperature (Soldering 10 Sec.). 

.+11V 

.6V 

.+5.5V 

.+175°C 

.+150°C 

. +300°C 

Operating Temperature Range 

HA5352I. 

Storage Temperature Range. 

...-40°C^Ta^+85°C 

..-65°C^Ta^+150°C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of thb specification is not implied. 


Electrical Specifications Test conditions (Unless otherwise Specified) V^upp^y = ±5V; Ch = Internal = 15pF, Digital Input: 

V|L = +0.0V (Sample), V|h = 4.0V (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), 
Rl = 5000, Cl = 50pF 




HA5352I LIMITS 

PARAMETERS 

TEMP 

MIN 1 TYP I MAX 


INPUT CHARACTERISTICS 


Input Voltage Range 

Full 

-2.5 

- 

+2.5 

Input Resistance (Note 2) 

+25°C 

100 

500 

- 

Input Capacitance 

+25°C 

- 

- 

5 

Input Offset Voltage 

+25°C 

0.5 

: - 

0.5 


Full 

-2 

- 

2 

Offset Voltage Temperature Coefficient (Note 2) 

Full 

- 

- 

20 

Bias Current 

+25‘’C 

- 

2.5 

5 


Full 

- 

- 

15 

Offset Current 

+25°C 

-1.5 

- 

+1.5 


Full 

-3 

- 

3 

Common Mode Range 

Full 

-2.5 

- 

+2.5 

CMRR (±2.5Vdc) (Note 3) 

+25°C 

72 

- 

- 


Full 

- 

- 

- 


TRANSFER CHARACTERISTICS 



DIGITAL INPUT CHARACTERISTICS 


Input Voltage (High) 
Input Voltage (Low) 
Input Current V|l = OV 
Input Current V|h = 5V 



UNITS 

V 

kO 

PF 

mV 

mV 

pV/®C 

pA 

pA 

pA 

pA 



dB 

MHz 

MHz 

MHz 

ns 

% 

V/ps 
































































































































Specifications HA5352 


Electrical Specifications Test Conditions (Uniess otherwise Specified) = ±5V; Ch = internal = 15pF, Digital Input: 

V,L = +0.0V (Sample), V|h = 4.07 (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), 
Rl = 5000, Cl = 50pF (Continued) 




HA5352I LIMITS 


PARAMETERS 

TEMP 

MIN 

TYP 

MAX 

UNIT’S 


OUTPUT CHARACTERISTICS 


Output Voltage 

Full 

-2.5 

- 

+2.5 

V 

Output Current Drive (100Q to ±2.0V) 

Full 

-20 

- 

+20 

mA 

Full Power Bandwidth (Slew Rate Limited) (Note 4) 

Full 

- 

8.5 

- 

MHz 

Output Resistance - Hold Mode 

+25°C 

- 

0.02 

- 

Cl 


Full 

- 

- 

- 

Q 


TOTAL OUTPUT NOISE, DC TO 10MHz 


Sample Mode 

+25°C 

- 

325 

- 

FVrms 

Hold Mode 

+25°C 

- 

325 

- 



DISTORTION CHARACTERISTICS 


SAMPLE MODE 

Signal to Noise Ratio 
(RMS Signal to RMS Noise) 


Total Harmonic Distortion 


Intermoduiation Distortion 

V,N = 5Vp.p FI 


HOLD MODE (50% Duty Cycle ^H) 

Signal to Noise Ratio 
(RMS Signal to RMS Noise) 

Fs = 5MHz V, 


Total Harmonic Distortion 

Fs = 5MHz V, 


Fs = 2F|N(Nyquist) 


Intermoduiation Distortion 
Fs = 5MHz 


N = 5Vp.p, F|n = 1MHz 


N = 5Vp.p, F,n = 1MHz 
N = 5Vp.p, F,n = 5MHz 


I = 200kHz, F2 = 201kHz 


4 = 5Vp.p, F,n = 1MHz 


4 = 5Vp.p, F |(4 = 1MHz 


4 = 5Vp.p, F,n = 200kHz 
4 = 5Vp.p, F|n = 500kHz 
4 = 5Vp.p, F,n = 1MHz 


= 200kHz, F2 - 201 kHz' 



SAMPLE AND HOLD CHARACTERISTICS 


Acquisition Time 2.5V Step to ±1 mV 

+25°C 

- 

50 

Full 

- 


2.5V Step to 0.01% 

+25°C 

- 

85 

Droop Rate (Cr = Internal) 

+25°C 

- 

0.1 

Full 

-1 

- 

Hold Step Error (V|l = OV, V,h = 4.0V, tp = 5ns) 

+25°C 

-1.25 

- 
































































































Specifications HA5352 


Electrical Specifications Test Conditions (Uniess otherwise Specified) Vg^pp^Y = ±5^; Cp = internai = 15pF, Digitai input; 

V|L = +0.0V (Sample), V|h = 4.0V (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), 
Rl = 5000, Cl = 50pF (Continued) 



SAMPLE AND HOLD CHARACTERISTICS (Continued) 


Hold Mode Settling Time (to ±1 mV) 


Hold Mode Feedthrough (5Vp.p, 500kHz, Sine) 


EADT (Effective Aperture Delay Time) 


Aperture Uncertainty 


POWER SUPPLY CHARACTERISTICS 


Positive Supply Current (per Amp) 


Negative Supply Current (per Amp) 


PSRR (V+ or V-, 10% Delta) 



1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions is not necessarily implied. 

2. Derived from Computer Simulation only, not tested. 

3. +CMRR is measured from OV to +2.5V, -CMRR is measured from OV to -2.5V. 

4. Based on the calculation FPBW = Slew Rate/27cVpE;^K (Vreak = 2.5V). 
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Selection Guide 


DIFFERENTIAL AMPLIFIERS^ lypicai Values, Unless Otherwise Specified. 


TYPE 

DESCRIPTION 

FEATURES (NOTE 4) 

FREQ. 
RANGE 
DC to 
(MHz) 

A 

(dB) 

BW(3dB 

POINT) 

(MHz) 

1/F 

NF 

(dB) 

AGC 

RANGE 

(dB) 


CA3028A 

Differential 

/Cascode 

Amplifiers 

• Balanced differential amplifier con¬ 
figuration with controlled constant 
current source 

• RF, IF and video frequency capability 

• Balanced AGC capability 

• Operation from DC to 500MHz 

• CA3028B is controlled for Input 
offset voltage, current, and input 
bias current, and is intended for 't^al- 
ance" requirements 

• Push-Pull inputs and outputs 

• CA3028 and CA3053 are identical 

120 

40 

(Note 1) 


H 

62 

8E, 8M, 
8S,8T 

CA3028B 

120 

40 

8 

mm 

62 

CA3049 

Dual High 
Frequency 

500 

22 

1.35 
(Note 2) 

53 

75 

12T 

CA3053 

Differential/Cas- 
code Amplifier 

120 

40 

Recommended for IF Amplifier 
Applications 

8E, 8M, 
8S,8T 

CA3054 

Dual 

independent 

120 

32 

550 

(Note 3) 

3.25 

75 

14E, 14M 

CA3102 

_1 

Dual High 
Frequency 

except for 100MHz noise specifi¬ 
cation 

500 

22 

1.35 
(Note 2) 

1.5 

7.5 

14E, 14M 


* See Packaging Information in Section 11. 


NOTES: 

1. Gp Min. at 100MHz; Cascode = 16dB; Differential Amplifier = 14dB. 

2. GHz 

3. ft (MHz) 

4. Ta Range: -55°C to +125°C except for type CA3054 (0°C to +85°C) 

























































SEMICONDUCTOR 


CA3028, CA3053 


March 1993 


Differential/Cascode Amplifiers for Commercial 
and Industrial Equipment from DC to 120MHz 


Features 

• Controlled for Input Offset Voltage, Input Offset Cur¬ 
rent and Input Bias Current (CA3028 Series Only) 

• Balanced Differential Amplifier Configuration with 
Controlled Constant Current Source 

• Single-Ended and Dual-Ended Operation 

Applications 

• RF and IF Amplifiers (Differential or Cascode) 

• DC, Audio and Sense Amplifiers 

• Converter in the Commercial FM Band 


Companion Application Note AN5337 “Application of 
the CA3028 Integrated Circuit Amplifier in the HF and 
VHF Ranges.*’ This note covers characteristics of 
different operating modes, noise performance, mixer, 
limiter, and amplifier design considerations 


Description 

The CA3028A and CA3028B are differential/cascode 
amplifiers designed for use in communications and industrial 
equipment operating at frequencies from DC to 120MHz. 

The CA3028B is like the CA3028A but is capable of pre¬ 
mium performance particularly in critical DC and differential 
amplifier applications requiring tight controls for input offset 
voltage, input offset current, and input bias current. 

The CA3053 Is similar to the CA3028A and CA3028B but is 
recommended for IF amplifier applications. 

Ordering information 


PART 

NUMBER 


CA3028AM96 


CA3028BM96 


TEMPERATURE 

RANGE PACKAGE 

-55°Cto+125°C 8 Pin CAN 

-55°C to +125°C 8 Lead Plastic DIP 

-55°C to +125°C 8 Lead SOIC 


-55°C to +125°C 8 Lead SOIC* 


-55®C to +125°C 
-55°C to +125°C 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications CA3028A, CA3028B, CA3053 


Absolute Maximum Ratings (Ta == + 25 °C) Operating Conditions 

Power Dissipation Operating Temperature Range...-55®C < Ta +125®C 

Up to Ta = +85®C. 450mW Storage Temperature Range.-65°C ^ Ta ^ +150°C 

Above Ta = +85°C.Derate Linearly 5mW/°C 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any oOier conditions above those indicated in the qoerational sections of this specification is not implied. 


.-55®C<Ta:^+125®C 

.-65°C^Ta^+150°C 


Maximum Voltage Ratings Ta = + 25 °c 

The following chart gives the range of voltages which can be applied to the terminals listed 
horizontally with respect to the terminals listed vertically. For example, the voltage range of the 
horizontal Terminal 4 with respect to Terminal 2 is -IV to +5V. 


TERM I 
NO. I 1 


Oto-15 Oto-15 Oto-15 +5 to-5 Note 2 Note 2 +20to0 
(Note 3) (Note 3) (Note 3) (Note 4) 


+5 to-11 +5to-1 +15to0 Note 2 +15to0 Note 2 

(Note 5) (Note 5) 


+10to0 +15to0 +30to0 +15to0 +30to0 
(Note 5) (Note 6) (Note 5) (Note 6) 


+15to0 Note 2 Note 2 Note 2 
(Note 5) 


+20 to 0 Note 2 Note 2 
(Note 4) 


Note 2 Note 2 




1 


2 


3 


NOTES: 

1. Terminal No. 3 is connected to the substrate and case. 

2. Voltages are not normally applied between these terminals. Voltages appearing between these 
terminals will be safe, if the specified voltage limits between all other terminals are not exceeded. 

3. Limit is-12V for CA3053. 

4. Limit is +16V for CA3053. 

5. Limit is+12V for CA3053. 

6. Limit is +24V for CA3028A and +18V for CA3053. 


Maximum 
Current Ratings 


*OUT 

mA I mA 




Electrical Specifications Ta = +25°c 


PARAMETERS 


STATIC CHARACTERIST 


Input Offset Voltage 
(Figures 1,14) 


Input Offset Current (Fig¬ 
ures 2,14) 


Input Bias Current 
(Figures 2,3,15,16) 


TEST 

CONDmONS 



OA3028A 


LIMITS 


CA3028B 


TYP 


ISIKQ3iGESIM3EQilCZQIMII&21IZ^ 


5 - 












































































































Specifications CA3028A, CA3028B, CA3053 
Electrical Specifications Ta = +25°c (Continued) 
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Specifications CA3028A, CA3028B, CA3053 


Electrical Specifications Ta +25°c (Continued) 





LIMITS 




TEST 

CA3028A 

CA3028B 

CA3053 


PARAMETERS 

SYMBOL 

CONDITIONS 

ISiKSQiCiliQ 



UNIT 


DYNAMIC CHARACTERISTICS (Continued) 


Differential Voltage Gain 
at f= 1kHz (Figure 12) 

■ 

Vcc = 6V,Vee = -6V, 

RL = 2kQ 


- 


35 

38 

42 

- 

- 

- 

dB 

Vcc=12V,Vee = -12V, 

RL=1.6kQ 




40 

42.5 

45 


- 

- 

dB 

Max. Peak-to-Peak Out¬ 
put Voltage at f = 1 kHz 

Vo(P>P) 

Vcc = 6V,Vee = -6V, 

RL = 2kQ 




7.0 

11.5 

“ 


- 

■ 


(Figure 12) 

Vcc=12V,Vee = -12V, 
RL=1.6kO 




15 

23 

- 


- 

■ 

im 

Bandwidth at -3dB Point 
(Figure 12) 

BW 

Vcc = 6V,Vee = -6V. 

RL = 2kO 




- 

H 

■ 


- 

“ 

MHz 

Vcc=12V,Vee = -12V, 
Rl= 1.6kO 



■ 

■ 

8.0 

“ 


- 

- 

MHz 

Common Mode Input 
Voltage Range 
(Figure 13) 

VcMR 




- 

-2.5 

-3.2 to 
-4.5 

4 


- 

- 

V 



- 

- 

-5.0 

-7 to 
-9 

7 


- 

■ 

■ 

Common Mode Rejec¬ 
tion Ratio (Figure 13) 

CMRR 

Vcc = 6V,Vee = “6V 


- 

- 

EH 

110 

- 


- 

- 


§ 

II 

lU 

UJ 

> 

> 

CM 

II 


- 

- 

oi 

90 

- 


- 

- 

■a 

Input Impedance at 
fsIkHz 

Z|N 



- 

- 

- 

5.5 

- 

- 

- 

- 

nm 



- 

- 

- 

3.0 

- 

- 

- 

- 

091 

Peak-to-Peak Output 
Current 

m 

f=10.7MHz, 
eiN = 400mV, 
Diff. Amp. 


031 

■SI 

EQI 

lESI 

4.0 

EEI 

09 

4.0 


IBSI 

Vcc = 12V 

E9 

6.0 

m 

E9 

6.0 

g 

EEI 

6.0 

10 

mA 


NOTE: 1. Does not apply to CA3053. 


Test Circuits 

Vcc Vcc 




1. Adjust Ri for Vqut = OV ± 0.1V. NOTE: POWER DISSIPATION = LV^p + (Ig + ^ V^c 

2. Record Input Offset Voltage. 

FIGURE 1. INPUT OFFSET VOLTAGE TEST CIRCUIT FOR FIGURE 2. INPUT OFFSET CURRENT, INPUT BIAS CURRENT, 

CA3028B POWER DISSIPATION, AND QUIESCENT OPERATING 

CURRENT TEST CIRCUIT FOR CA3028A AND 
CA3028B 






































































CA3028A, CA3028B, CA3053 


Test Circuits (Continued) 



NOTE: POWER DISSIPATION = V^^^lg 



FIGURES. INPUT BIAS CURRENT, POWER DISSIPATION AND FIGURE 4. AGC BIAS CURRENT TEST CIRCUIT (DIFFERENTIAL 

QUIESCENT OPERATING CURRENT TEST CIRCUIT AMPLIFIER CONFIGURATION) FOR CA3028A AND 

FOR CA3053 CA3028B 


470f 

i X t 1^ 

pt; 



soa SIGNAL 
SOURCE 
(NOTE 1) OR 
NOISE DIODE 
(NOTE 2) 


_L-„' _| 2kaZ 

0.001 p.F I 4 




50Q RF 
VOLTMETER 
(NOTE 1) OR 
NOISE AMP 
(NOTE 2) 




500 RF 
VOLTMETER 
(NOTE 1) 
.NOISE A , 


NOTES: 

1. For Power Gain Test 

2. For Noise Figure Test 


NOTES: 

1. For Power Gain Test 

2. For Noise Figure Test 



f 

(MHz) 


10.7 


3-5 

3-5 

0.1 -0.25 

0.15-0.3 



f 

(MHz) 


10.7 


CO 

CO 

CO 

CO 

0.2 - 0.5 

0.2 - 0.5 



FIGURE 5. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
(CASCODE CONFIGURATION) FOR CA3028A, 
CA3028B AND CA3053* 


FIGURE 6. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
(DIFFERENTIAL AMPLIFIER CONFIGURATION 
AND TERMINAL 7 CONNECTED TO VCC) FOR 
CA3028A, CA3028B AND CA3053* 
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DIFFERENTIAL 

AMPLIFIERS 


























CA3028A, CA3028B, CA3053 
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CA3028A, CA3028B, CA3053 


Test Circuits (Continued) 


INPUT 0.01 ^F 



p 

► 

► 

OSCILLOSCOPE 
WITH HIGH 

GAIN DIFF. INPUT 


ij ^ 

Vdiff 

(RMS) 

(TEKTRONIX TYPE 
530, 540, OR 580 
WITH TYPE D 
PLUG-IN 


__L 

TEKTRONIX 
TYPE 502 OR 
EQUIVALENT) 

Lm 




ViNslOmV 
(RMS) “ 


iouhP — 


FIGURE 11. TRANSFER CHARACTERISTIC (VOLTAGE GAIN) 
TEST CIRCUIT (10.7MHz) DIFFERENTIAL 
AMPLIFIER CONFIGURATION FOR CA3028A, 
CA3028B AND CA3053 


INPUT I 
SIGNAL I J- 
fsIkHzl ■=■ 


* For R = 1.6kn: Vcc = 12V, VgE = -12V 
For R = 2.0kO: Vcc = 6V, Vge = -6V 

FIGURE 12. DIFFERENTIAL VOLTAGE GAIN, MAXIMUM PEAK- 
TO-PEAK OUTPUT VOLTAGE AND BANDWIDTH 
TEST CIRCUIT FOR CA3028B 



VxRANGE 
OFCOMMON 
MODE REJECTION 

NOTES: 

1. For CMR test: Si toGND. 

2. For Input Common Mode Voltage Range Test: to Vx- 


3, Common Mode Rejection Ratio = 20iog - (rms) 

* A = Single-Ended Voltage Gain. 

FIGURE 13. COMMON MODE REJECTION RATIO AND COMMON MODE INPUT VOLTAGE RANGE TEST CIRCUIT FOR CA3028B 


(A*) (2) (0.3) 
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CA3028A, CA3028B, CA3053 


Typical Performance Curves 


POSITIVE DC SUPPLY VOLTS (Vcc) 
NEGATIVE DC SUPPLY VOLTS (Vee) 


POSITIVE DC SUPPLY VOLTS (Vcc) 
NEGATIVE DC SUPPLY VOLTS (Vee) 


OFFSET CURRENT • 


Vcc»+6V 
Vee*-6V ' 


■Vcc«+12Vf 
' Vee =-12V 


VCC-+6V 


Vcc*+12V 
Vee*-12V 


>75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE C*C) 

FIGURE 14. INPUT OFFSET VOLTAGE AND INPUT OFFSET 
CURRENT FOR CA3028B vs TEMPERATURE 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE C*C) 

FIGURE 15. INPUT BIAS CURRENT vs TEMPERATURE FOR 
CA3028A AND CA3028B 


POSITIVE DC SUPPLY VOLTS (Vcc) 


^ DIFFERENTIAL AMPURER CONRGURATION 




-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (^C) 

FIGURE 16. INPUT BIAS CURRENT vs TEMPERATURE FOR 
CA3053 



1.51_I_I_I_I_I_I_I_I_ 

•75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE C*C) 

FIGURE 17. QUIESCENT OPERATING CURRENT vs 

TEMPERATURE FOR CA3028A AND CA3028B 


DIFFERENTIAL AMPURER CONRGURATION 

I I I I i I I 


1.51_ \ _ I_ \ _I_I_I_I_ 

-75 -50 -25 0 25 50 75 100 

AMBIENT TEMPERATURE (°C) 
FIGURE 18. QUIESCENT OPERATING CURRENT vs 
TEMPERATURE FOR CA3053 




0 -5 -10 -15 

DC EMITTER SUPPLY (V) 

FIGURE 19. OPERATING CURRENT vs Vee VOLTAGE FOR 
CA3028AANDCA3028B 
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CA3028A, CA3028B, CA3053 


Typical Performance Curves (Continued) 


DIFFERENTIAL AMPUFIER CONFIGURATION 
Ta«+25®C 


0 2 4 6 8 10 12 

AGC BIAS. TERMINAL NO. 7 (V) 

FIGURE 20. AGC BIAS CURRENT vs BIAS VOLTAGE 

(TERMINAL 7) FOR CA3028A AND CA3028B 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (**C) 

FIGURE 21. POWER DISSIPATION vs TEMPERATURE FOR 
CA3028A AND CA3028B 


CASCODE CONRGURATION 
TA--i-25<>C.fx 100MHz 



10 20 30 40 50 60 70 80 90100 

FREQUENCY (MHz) 

FIGURE 22. POWER GAIN vs FREQUENCY (CASCODE 

CONFIGURATION) FOR CA3028A AND CA3028B 


9 10 11 12 

DC COLLECTOR SUPPLY VOLTAGE (V) 

FIGURE 23. 100MHz NOISE FIGURE vs COLLECTOR SUPPLY 
VOLTAGE (CASCODE CONFIGURATION) FOR 
CA3028A AND CA3028B 



DIFFERENTIAL AMPUFIER CONFIGURATION 

« T* = *25*C - t -l h i III I I 


DIFFERENTIAL AMPUHER CONHGURATtON 
TAs-i'25*’C,f> 100MHz 


■ 





10 20 30 40 50 60 70 80 90100 

FREQUENCY (MHz) 

FIGURE 24. POWER GAIN vs FREQUENCY (DIFFERENTIAL 

AMPLIFIER CONFIGURATION) FOR CA3028A AND 
CA3028B 


9 10 11 12 

DC COLLECTOR SUPPLY VOLTAGE (V) 

FIGURE 25. 100MHz NOISE FIGURE vs COLLECTOR SUPPLY 
VOLTAGE (DIFFERENTIAL AMPLIFIER CONFIGU¬ 
RATION) FOR CA3028A AND CA3028B 
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CA3028A, CA3028B, CA3053 

















CA3028A, CA3028B, CA3053 





DC BIAS VOLTAGE ON TERMINAL NO. 7 (V) 


FIGURE 36. AGO CHARACTERISTICS FOR CA3028A AND 
CA3028B 




FREQUENCY (MHz) 

FIGURE 35. OUTPUT POWER vs FREQUENCY- 50Q INPUT AND 
50Q OUTPUT (DIFFERENTIAL AMPLIFIER 
CONFIGURATION) FOR CA3028A AND CA3028B 



INPUT VOLTAGE (V) 


FIGURE 37. TRANSFER CHARACTERISTICS (CASCODE 
CONFIGURATION) 
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OUTPUT SUSCEPTANCE ( 622 ) (mmho) 


























CA3028A, CA3028B, CA3053 


Typical Performance Curves (Continued) 



0 0.05 0.1 0.15 


INPUT VOLTAGE (V) 

FIGURE 38. TRANSFER CHARACTERISTICS (DIFFERENTIAL AMPLIFIER CONFIGURATION) 


Glossary of Terms 

AGC Bias Current 

The current drawn by the device from the AGC voltage 
source, at maximum AGC voltage. 

AGC Range 

The total change in voltage gain (from maximum gain to 
complete cutoff) which may be achieved by application of the 
specified range of dc voltage to the AGC input terminal of 
the device. 

Common Mode Rejection Ratio 

The ratio of the full differential voltage gain to the common 
mode voltage gain. 

Power Dissipation 

The total power drain of the device with no signal applied 
and no external load current. 

Input Bias Current 

The average value (one half the sum) of the currents at the 
two input terminals when the quiescent operating voltages at 
the two output terminals are equal. 

Input Offset Current 

The difference in the currents at the two input terminals 
when the quiescent operating voltages at the two output ter> 
minals are equal. 


Input Offset Voltage 

The difference in the dc voltages which must be applied to 
the input terminals to obtain equal quiescent operating 
voltages (zero output offset voltage) at the output terminals. 

Noise Figure 

The ratio of the total noise power of the device and a 
resistive signal source to the noise power of the signal 
source alone, the signal source representing a generator of 
zero impedance in series with the source resistance. 

Power Gain 

The ratio of the signal power developed at the output of the 
device to the signal power applied to the input, expressed in 
dB. 

Quiescent Operating Current 

The average (dc) value of the current In either output termi¬ 
nal. 

Voltage Gain 

The ratio of the change in output voltage at either output 
terminal with respect to ground, to a change in input voltage 
at either input terminal with respect to ground, with the other 
input terminal at ac ground. 
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Dual High Frequency Differential Amplifiers 
For Low Power Applications Up to 500MHz 


Features 

• Power Gain 23dB (Typ). 200MHz 

• Noise Figure 4.6dB (Typ). 200MHz 

• TWO Differential Amplifiers on a Common Substrate 

• Independently Accessible Inputs and Outputs 

• Full Military Temperature Range_-55^Cto-i-125^C 

Applications 

• VHF Amplifiers 

• VHF Mixers 

• Multifunction Combinations - RF/Mixer/Oscillator; 
Converter/IF 

• IF Amplifiers (Differential and/or Cascode) 

• Product Detectors 

• Doubly Balanced Modulators and Demodulators 

• Balanced Quadrature Detectors 

• Cascade Limiters 

• Synchronous Detectors 

• Balanced Mixers 

• Synthesizers 

• Balanced (Push-Pull) Cascode Amplifiers 

• Sense Amplifiers 


Description 

The CA3049T and CA3102* consist of two Independent 
differential amplifiers with associated constant current 
transistors on a common monolithic substrate. The six tran¬ 
sistors which comprise the amplifiers are general purpose 
devices which exhibit low 1/F noise and a value of fj in 
excess of 1GHz. These feature make the CA3049T and 
CAS 102 useful from DC to 500MHz. Bias and load resistors 
have been omitted to provide maximum application flexibility. 

The monolithic construction of the CA3049T and CA3102 
provides close electrical and thermal matching of the 
amplifiers. This feature makes these devices particularly 
useful in dual channel applications where matched 
performance of the two channels is required. 

The CA3102 is like the CA3049T except that it has a 
separate substrate connection for greater design flexibility. 

* Formerly Developmental No. TA6228. 

Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE PACKAGE 

-55°C to +125®G 12 Pin CAN 

-55°C to +125°C 14 Lead Plastic DIP 

-55°C to +125®C 14 Lead Plastic DIP 

-55°C to +125°C 14 Lead SOIC 


CA3102M96 -55®C to+125®C 14 Lead SOIC* 


* Denotes Tape and Reel 


Pinouts 


CA3102 
(PDIP, SOIC) 
TOP VIEW 


CA3049 
(TO-5 CAN) 
TOP VIEW 




SUBSTRATE 
AND CASE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


File Number 611.2 
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Specifications CA3049, CA3102 


Absoiute Maximum Ratings (Ta ^ +25*’C) 


Operating Conditions 


Collector-to-Emitter Voltage, Vceo. 

.15V 

operating Temperature Range. 

,..-55®C^Ta^+125®C 

Collector-to-Base Voltage, Vcbo* .. 

.20V 

Storage Temperature Range. 

,..-65°C^Ta^+150°C 

Collector-to-Substrate Voltage, Vdo (Note 1). 

.20V 



Emitter-to-Base Voltage, V^bo. 

.5V 



Collector Current, Ic. 

Power Dissipation 




Any One Transistor (CA3049T and CA3102). 

Total Package 

... 300mW 



CA3049T. 

... 600mW 



CA3102E. 

ForTA>-f55°C 

... 750mW 



CA3049T..Derate Linearly 5.0mW/°C 

CA3102E.Derate Unearly6.67mW/°C 



Junction Temperature. 

... +175®C 



Junction Temperature (Plastic Package). 

... +150”C 



Lead Temperature (Soldering 10 Sec.). 

... +300°C 



CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 




Electrical Specifications Ta = + 25 °c 


PARAMETERS 


STATIC CHARACTERISTICS 


For Each Differential Amplifier 


Input Offset Voltage 
(Figures 1,4) 


Input Offset Current (Figure 1) 


Input Bias Current (Figures 1,5) 


Temperature Coefficient 
Magnitude of Input Offset 
Voltage 


For Each Transistor 


DC Forward Base-to-Emitter 
Voltage (Figure 6) 


Temperature Coefficient of 
Base>to-Emitter Voltage 
(Figure 6) 


Collector Cutoff Current 
(Figure 7) 


Collector-to-Emitter Breakdown V(br)ceo 
V oltage 


Coliector-to-Base Breakdown 
Voltage 


Coilector-to-Substrate 
Breakdown Voltage 


Emitter-to-Base Breakdown 
Voltage 


DYNAMIC CHARACTERISTICS 


1/f Noise Figure (For Single 
Transistor) (Figure 12) 


Gain Bandwidth Product (For 
Single Transistor) (Figure 11) 


Collector-Base Capacitance 
(Figure 8) 


Collector-Substrate 
Capacitance (Figure 8) 


TEST 

CONOmONS 


VBE VcE = 6V,lc=1mA 


VcE = 6V,lc=1mA 


IcBO VcB = 10V, Ig =s 0 


= 1mA, Ib = 0 


V(BR)cio •c = ^ OpA, Ib = Ie = 0 


V(br)ebo ^e = lOpA, Ic = 0 


CcB Ic “ 0, I Note 2 
Vcb = 5V 


LIMITS CA3102 


TYP 




LIMITS CA3049 


TYP 



0.25 

5.0 

- 

0.25 

- 

mV 

0.3 

IQQI 

- 

0.3 

- 

pA 

13.5 

1331 

- 

13.5 

33 

pA 

1.1 

HBjll 

■■1 

1.1 

IIEII 

pV/®C 



-0.9 - lmV/°C 


0.0013 100 I nA 


20 60 


20 60 


15 

24 

20 

60 


NF 

f= 100kHz, Rs=:500Q, 


Ic = 1mA 
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Specifications CA3049, CA3102 


Electrical Specifications Ta = +25*^c (Continued) 


PARAMETERS 


DYNAMIC CHARACTERISTICS (Continued) 


For Each Differential Amplifier 


Common Mode Rejection Ratio 


AGC Range, One Stage 
(Figure 2) 


Voltage Gain, Single-Ended 
Output (Figures 2, 9,10) 


Insertion Power Gain (Figure 3) 


Noise Figure (Figure 3) 


Input Admittance 


Reverse Transfer Admittance 



TEST 

SYMBOL 

CONDITIONS 


LIMITS CA3102 


LIMITS CA3049 


TYP 



I 3 = Ig = 2mA 

- 

100 

- 

- 

100 

- 

dB 

Bias Voltage = 

:- 6 V 

- 

75 

- 

- 

75 

- 

dB 

Bias Voltage = 
f=10MH2 

: -4.2V, 

18 

22 

- 

- 

22 

- 

dB 

Vcc=12V, 

Cascode 


23 

- 

- 

23 

- 

dB 

For Cascode 
Configuration 

Cascode 


mm 


- 

mm 

mi 

dB 

13 = 19 = 2mA. 
For DIff. Amp. 

Cascode (Fig¬ 
ures 14,16,18) 


1.5 + 

j2.45 

- 

- 

1.5 + 

j2.45 

- 

mmho 

Confiugration 

I 3 = Iq = 4mA 

Diff. Amp. (Fig¬ 
ures 15, 17,19) 


0.878 + 
j1.3 

" 

- 

0.878 + 
j1.3 

- 

mmho 

(each collector 
lc = 2mA) 
f = 200MHz 

Cascode 


0.0- 

jO.008 

- 

- 

0.0- 

j0.008 

- 

mmho 


Diff. Amp. 


0.0- 

]0.013 


- 

0.0- 

j0.013 

- 

mmho 

Cascode (Fig¬ 
ures 26, 28,30) 


17.9- 

j30.7 

- 

- 

17.9- 

J30.7 

- 

mmho 

Diff. Amp. (Fig¬ 
ures 27, 29,31) 


-10.5 + 
i13 

- 

- 

-10.5 + 
113 

- 

mmho 

Cascode (Fig¬ 
ures 20,22,24) 

- 

-0.503 

-j15 

- 

- 

-0.503 

.j15 

- 

mmho 

Diff. Amp. (Rg- 
ures21,23,25) 

- 

0.071 + 
]0.62 

- 

■ 

0.071 + 
jO.62 


nxnho 


Forward Transfer 
Admittance 


Output Admittance 


1. The collector of each transistor of the CA3049T and CA3102 is isolated from the substrate by an Integral diode. The substrate (Terminal 
9) must be connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal 
transistor action. 

2. Terminals 1 and 14 or 7 and 8 (CA3102). Terminals 1 and 12 or 6 and 7 (CA3049T) 

3. Terminals 13 and 4 or 6 and 11 (CA3102). Terminals 10 and 11 or 4 and 5 (CA3049T) 


Schematic Diagrams 

CA3102E. CA3102M 


1) (14 (13) (4) 12 (8)(7)(6)(11 




(10>HCq4 


1 ) (12 (11 ( 10 ) 


^Q3 


7 6)54 


Q6^_^05 


L® J—F1Q4 


SUBSTRATE 
AND CASE 
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CA3049, CA3102 


Test Circuits 



FIGURE 1. STATIC CHARACTERISTICS TEST CIRCUIT FOR FIGURE 2. AGC RANGE AND VOLTAGE GAIN TEST CIRCUIT 

CA3102 FOR CA3102 


1/2 CA3049T 


12(6) orCA3102 



OUTPUT 


NOTES: 

1. Numbers in parentheses refer to other 
halt of the CA3049T or CA3102 

2. Bracketed numbers refer to CA3102, un¬ 
bracketed numbers refer to CA304dT 

3. Li, Lg ■ Approximately Vg Turn #18 
Tinned Copper Wire, 5/8’ Diameter 

4. Cl, C 2 * 15pF Variable Capacitors 
(Hammarlund, MAC-15; or Equivalent) 


FIGURE 3. 200MHz CASCODE POWER GAIN AND NOISE FIGURE TEST CIRCUIT 







CA3049, CA3102 


Typical Performance Curves 

0.5 -p 

Ta«+25®C 








EMITTER CURRENT (mA) 

FIGURE 4. INPUT OFFSET VOLTAGE vs EMITTER CURRENT 


EMITTER CURRENT (mA) 

FIGURE 5. INPUT BIAS CURRENT vs EMITTER CURRENT 



Ell 


1 

II 

1 

II 

g 

i 

III 

II 

1 

II 

■ 

II 


COLLECTOR CURRENT (mA) 

FIGURE 6. BASE-TO-EMITTER VOLTAGE vs COLLECTOR 
CURRENT 


W//A 




AMBIENT TEMPERATURE (°C) 

FIGURE 7. COLLECTOR CUTOFF CURRENT vs 
TEMPERATURE 


LO 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

BIAS VOLTAGE (V) 

FIGURE 8. CAPACITANCE vs DC BIAS VOLTAGE 


Ta ■ +25®C 

V-i-» 6V, V- s -6V 

f«1kHz 























n 





k_ 























0 -1 -2 -3 -4 -5 ^ -7 

BIAS VOLTAGE ON TERMINALS 2 AND 10 (V) 

FIGURE 9. VOLTAGE GAIN vs DC BIAS VOLTAGE 
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INPUT CONDUCTANCE (gi^) (minhos) 


CA3049, CA3102 
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CA3049, CA3102 
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, FORyVARD TRANSFER CONDUCTANCE (mmhos) 


CA3049, CA3102 


Typical Performance Curves (Continued) 



FIGURE 22. OUTPUT ADMITTANCE (Y^) VS COLLECTOR FIGURE 23. OUTPUT ADMITTANCE (Y 22 ) VS COLLECTOR 

SUPPLY VOLTAGE SUPPLY VOLTAGE 



0 2 4 6 8 0 5 10 15 20 

EMITTER CURRENT (I 3 OR Ig) (mA) EMITTER CURRENT (I 3 OR Ig) (mA) 

FIGURE 24. OUTPUT ADMITTANCE (Yja) vs EMITTER CURRENT FIGURE 25. OUTPUT ADMITTANCE (¥ 32 ) vs EMITTER CURRENT 



FREQUENCY (MHz) 10 10 ^ 10® 

FREQUENCY (MHz) 

FIGURE 26. FORWARD TRANSFER ADMITTANCE (Yji) vs FIGURE 27. FORWARD TRANSFER ADMITTANCE (¥ 31 ) vs 

FREQUENCY FREQUENCY 


























FORWARD TRANSFER CONDUCTANCE O FORWARD TRANSFER CONDUCTANCE 

OR SUSCEPTANCE (mmhos) C OR SUSCEPTANCE (mmhos) 


CA3049, CA3102 
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SEMICONDUCTOR 


CA3054 


March 1993 


Transistor Array - Dual Independent Differential Amp 
for Low Power Applications from DC to 120MHz 


Features 

• Two Differential Amplifiers on a Common Substrate 

• Independently Accessible Inputs and Outputs 

• Maximum Input Offset Voltage.dbSmV 

• Temperature Range.O^C to -f-SS^C 

Applications 

• Dual Sense Amplifiers 

• Dual Schmitt Triggers 

• Multifunction Combinations 

- RF/Mixer/Oscillator; Converter/IF 

• IF Amplifiers (Differential and/or Cascode) 

• Product Detectors 

• Doubly Balanced Modulators and Demodulators 

• Balanced Quadrature Detectors 

• Cascade Umiters 

• Synchronous Detectors 

• Pairs of Balanced Mixers 

• Synthesizer Mixers 

• Balanced (Push-Pull) Cascode Amplifiers 


Description 

The CA3054 consists of two Independent differential 
amplifiers with associated constant current transistors on a 
common monolithic substrate. The six n-p-n transistors 
which comprise the amplifiers are general purpose devices 
which exhibit low 1/f noise and a value of fj in excess of 
300MHz. These feature make the CA3054 useful from DC to 
120MHz. Bias and load resistors have been omitted to 
provide maximum application flexibility. 

The monolithic construction of the CA3054 provides close 
electrical and thermal matching of the amplifiers. This 
feature makes these devices particularly useful in dual 
channel applications where matched performance of the two 
channels is required. 


Ordering Information 

PART TEMPERATURE 

NUMBER RANGE 


0°C to +85°C 14 Lead Plastic DIP 

0°Cto+85°C ULeadSOIC 


0°C to +85°C 14 Lead SOIC* 


* Denotes Tape and Reel 


Pinout 


CA3054 
(PDIP,SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 _ _ . 


File Number 388.2 








Specifications CA3054 


Absolute Maximum Ratings (Ta =+25*^0 


Operating Conditions 


Collector-tO’Emitler Voltage, VcEO. 15V Operating Temperature Range.0°C ^ ^ +85°C 

Collector-to-Base Voltage, Vcbo .20V Storage Temperature Range.-65°C ^ T^ < +150°C 

Collector-to-Substrate Voltage, Vdo (Note 1).20V 

Emitter-to-Base Voltage, Vgeo.5V NOTE: 

Collector Current, Ic .50mA ^ collector of each transistor of the CA3054 is Isolated from the 

ower issipa ion substrate by an Integral diode. The substrate must be connected 

. 7 Rnmw ® voltage whIch Is more negative than any collector voltage in 

.nlraUVinloruVft maintain Isolatlon between transistors and provide for 

For Ta = +55 C .Derate Unearly 6.67,nW^C maintained at 

June ion Temperate . .+175 C ^ , grounding capacitor, 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300OC "-ans'stors. 

CAUTION: Stresses stove those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Maximum Voitage Ratings 

The following chart gives the range of voltages which can be applied to the terminals listed vertically with respect 
to the terminals listed horizontally. For example, the voltage range of the vertical Terminal 2 with respect to Terminal 
4 is +15Vto-5V. 


Maximum 
Current Ratings 




Terminal No. 10 of 
CA3054 Is not used. 



1. Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be 
safe if the specified limits between ail other terminals are not exceeded. 


Eiectricai Specifications Ta = +25°c 


PARAMETERS 


STATIC CHARACTERISTICS 


For Each Differential Amplifier 


Input Offset Voltage (Figure 8) 


Input Offset Current (Figure 9) 


Input Bias Current (Figure 5) 


Quiescent Operating Current Ratio 
(Figure 5) 


Temperature Coefficient Magnitude of 
Input Offset Voltage (Figure 7) 


TESTCONDmONS 


MIN TYP MAX UNIT 
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DIFFERENTiAL 

AMPLiFIERS 















































































































Specifications CA3054 


Electrical Specifications Ta == +25°c (Continued) 


PARAMETERS 


For Each Transistor 


DC Forward Base-to-EmItter Voltage 
(Figure 8) 


Temperature Coefficient of Base-to- 
Emitter Voltage (Figure 6) 


Collector Cutoff Current (Figure 4) 


Coiiector-to-Emitter Breakdown Voltage 


Coiiector-to-Base Breakdown Voltage 


Collector-to-Substrate Breakdown 
Voltage 


Emltter-tO“Base Breakdown Voltage 


DYNAMIC CHARACTERISTICS 


Common Mode Rejection Ratio for 
each Amplifier (Figures 1,10) 


AGC Range, One Stage 
(Figures 2,11) 


Voltage Gain, Single Stage Double- 
Ended Output (Figures 2,11) 


AGC Range, Two Stage 
(Figures 3,12) 


Voltage Gain, Two Stage Double- 
Ended Output (Figures 3,12) 


Low Frequency, Small Signal Equiva¬ 
lent Circuit Characteristics (for single 
transistor) 

Forward Current Transfer Ratio 
(Figure 13) 


Short Circuit input Impedance 
(Figure 13) 


Open Circuit Output Impedance 
(Figure 13) 


Open Circuit Reverse Voltage 
Transfer Ratio (Figure 13) 


1/f Noise Figure for Single 
Transistor 


Gain Bandwidth Product for Single 
Transistor (Figure 14) 


Admittance Characteristics; Differential 
Circuit Configuration (for each amplifier) 

Fon^^ard Transfer Admittance 
(Figure 15) 


Input Admittance (Figure 16) 


Output Admittance (Figure 17) 


Reverse Transfer Admittance 
(Figure 18) 


















































































































Specifications CA3054 


Electrical Specifications Ta » +25°c (Continued) 


PARAMETERS 


Admittance Characteristics; Cascode 
Circuit Configuration (for each amplifier) 

Forward Transfer Admittance 
(Figure 19) 


Input Admittance (Figure 20) 


Output Admittance (Figure 21) 


Reverse Transfer Admittance 
(Figure 22) 


Noise Figure 



TEST CONDITIONS 


VcB = 3V,f=1MHz 
Total Stage Ic - 2.5 mA 


VcB = 3V,f = 1MHz 
Total Stage Ic - 2.5 mA 


VcB = 3V,f = 1MHz 
Total Stage Ic - 2.5 mA 


VcB*3V,f=:1MHz 
Total Stage Ic - 2.5 mA 



Test Circuits 


VlN * O-SYrhis 


SIGNAL 

SOURCE 


Vcc« 
Vx +12V 


^0.5kn ^ 


T Vee = Vcc = 

•=±r -6V +12V 


V|N slOmVRMs 


Vcc = 
Vx +12V 



Vee= Vcc = 

-i- - 6 V 4 . 12 V 


FIGURE 1. COMMON MODE REJECTION RATIO TEST SETUP FIGURE 2. SINGLE STAGE VOLTAGE GAIN TEST SETUP 


Vcc*+12V 


V|N sImVRiyis 


IkQ Ika 




IFi 


^ IhF Vcc-^12V 


FIGURE 3. TWO STAGE VOLTAGE GAIN TEST SETUP 
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DIFFERENTIAL 

AMPLIFIERS 






































BASE-TO-EMITTER VOLTAGE (V) 


CA3054 


Typical Performance Curves 



-75 -60 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE C^C) * 

For CA3054 use data from 0°C to +85®C only 

FIGURE 6. BASE-TX>-EMnrTER VOLTAGE FOR EACH 
TRANSISTOR vs TEMPERATURE 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE C*C) * 

* For CA3054 use data from 0°C to +85°C only 
FIGURE 7. OFFSET VOLTAGE vs TEMPERATURE FOR 
DIFFERENTIAL PAIRS 




0.01 0.1 1.0 10 
EMITTER CURRENT (mA) 

FIGURE 8. STATIC BASE-TO-EMITTER VOLTAGE AND INPUT 
OFFSET VOLTAGE FOR DIFFERENTIAL PAIRS vs 
EMITTER CURRENT 


COLLECTOR CURRENT (mA) 

FIGURES. INPUT OFFSET CURRENT FOR MATCHED DIFFER¬ 
ENTIAL PAIRS vs COLLECTOR CURRENT 





































CA3054 


Typical Performance Curves (Continued) 


Vcc*12V 
Vee = -6V 
fsIkHz 


Vcc«12V 

Vee«-6V 

r«1lcHz 

SIGNAL INPUT-lOmVRMs 


BIAS VOLTAGE ON TERMINAL 11 (V) BIAS VOLTAGE ON TERMINAL 11 (V) 

FIGURE 10. COMMON MODE REJECTION RATIO CHARACTERISTIC RGURE 11. SINGLE STAGE VOLTAGE GAIN CHARACTERISTIC 


Vcc»12V 

VEE^-ev 

fsIkHz 

SIGNAL INPUT > ImVnus 



\mm[ 



0 1 2 3 4 5 6 7 8 9 10 11 12 1314 0.1 1.0 10 100 

COLLECTOR CURRENT (mA) FREQUENCY (MHz) 

FIGURE 14. GAIN BANDWIDTH PRODUCT (fj) vs COLLECTOR FIGURE 15. FORWARD TRANSFER ADMITTANCE (Yji) vs 
CURRENT FREQUENCY 
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DIFFERENTIAL 

AMPLIFIERS 





































CA3054 
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OUTPUT SUSCEPTANCE (mmhos) 




















CA3054 


Typical Performance Curves (Continued) 



0.1 1 10 1 00 200 
FREQUENCY (MHz) 

FIGURE 22. REVERSE TRANSFER ADMITTANCE (Y 12 ) VS FREQUENCY 











SELECTION GUIDE. 6-2 

TRANSISTOR AND DIODE ARRAY DATA SHEETS 

CA3018 General Purpose Transistor Arrays. 6-5 

CA3039 Diode Array. 6-11 

CA3045, General Purpose N-P-N Transistor Arrays. 6-15 

CA3046 

CA3081, General Purpose High Current N-P-N Transistor Arrays. 6-21 

CA3082 

CA3083 General Purpose High Current N-P-N Transistor Array. 6-24 

CA3086 General Purpose N-P-N Transistor Array. 6-28 

CA3096 N-P-N/P-N-P Transistor Array. 6-33 

CA3127 High Frequency N-P-N Transistor Array. 6-46 

CA3141 High-Voltage Diode Array For Commercial, Industrial & Military Applications. 6-52 

CA3146, High-Voltage Transistor Arrays. 6-55 

CA3183 

CA3227, High-Frequency N-P-N Transistor Arrays For Low-Power Applications at 

CA3246 Frequencies Up to 1.5GHz. 6-65 

HFA3046, Ultra High Frequency Transistor Array. 6-70 

HFA3096, 

HFA3127, 

HFA3128 



NOTE: Bold Type Designates a New Product from Harris. 
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Selection Guide 


TRANSISTOR ARRAYS 
Electrical Characteristics = +25°C 


TYPE 

DESCRIPTION 

'^(BR) CEO 

(MIN) V 

V(BR) CBO 

(MIN) V 

hpE (MIN) 

Ic (MAX) mA 

(NOTE 1) 

LEAD 
COUNT & 
PACKAGE 
TYPE 

CA3018 

Two Isolated Transistors Plus a 
Darlington Pair 

15 

20 

30 

50 

12T 

CA3018A 

15 

30 

60 

50 

hpE matched ±10%. Vbe matched ±2mV and ±5mV max. 

Operation from DC to 120MHz 

CA3045 

Three Transistors Plus a Differen¬ 
tial Pair 

15 

20 

40 

50 

14D, 14F 

CA3046 

15 

20 

40 

50 

14E,14M 

fj > 300MHz. 2 matched pairs ±5mV 

CA3081 

General-Purpose n-p-n High-Cur¬ 
rent Transistors 

16 

20 

40 

100 

16E, 16F, 

16M 

Seven Common-Emitter 

CA3082 

16 

20 

40 

100 

16E,16F, 

16M 

Seven Common-Collector 

CA3083 

15 

20 

40 

100 

16E, 16F, 
16M 

Five independent transistors. and Q 2 matched; l|o (at 1mA) 
2.5pA Maximum 

CA3086 

Three Isolated Transistors plus a 
Differential Pair 

15 

20 

40 

50 

14E, 14F, 
14M 

fj > 550MHz Typ. Operation from DC to 120MHz 

CA3127 

Five Independent Transistors 

15 

20 

40 

20 

16E, 16F, 
16M 

f-r > 1GHz. Operation from DC to 500MHz. 

CA3146 

Three Transistors Plus a Differen¬ 
tial Pair 

30 

40 

30 

50 

14E, 14M 

CA3146A 

40 

50 

30 

50 

fj > 500MHz Typ. Operation from DC to 120MHz. 

CA3183 

Five High-Current Transistors 

30 

40 

40 

75 

16E, 16M 

CA3183A 

40 

50 

40 

75 

High-voltage versions of CA3083 Transistors 
and Q 2 matched at 1mA. 

CA3227 

Five Independent Transistors 

8 

12 

40 

20 

16E, 16M 

fj = 3GHz Typ. Operation from DC to 1.5GHz. 

CA3246 

Three Independent Transistors 

Plus a Differential Pair 

8 

12 

40 

20 

14E, 14M 

fx = 3GHz Typ. Operation from DC to 1.5GHz. 


NOTE: 


1. See Packaging Information Section of this catalog. 
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-Selection Guide 

TRANSISTOR ARRAYS (Continued) 

Electrical Characteristics Ta = +25°C 


TYPE 

DESCRIPTION 

V(BR) CEO 
(MIN) V 
n-p-n/p-n-p 

'^(BR) CBO 
(MIN) V 
n-p-n/p-n-p 

hpE (MIN) 
n-p-n/p-n-p 

Ic (MAX) 
n-p-n/p-n-p 

(NOTE 1) 

LEAD 
COUNT & 
PACKAGE 
TYPE 

CA3096 

Five Independent Transistors, 

3 n-p-n, 2 p-n-p 

35/-40 

45/-40 

150/20 

50/-10 

16E.16M 

CA3096A 

35/-40 

45/-40 

150/20 

50/-10 

CA3096C 

24/-24 

30/-24 

100/15 

50/-10 

n-p-n 

p-n-p 

IV,ol = 5mV Max 

5mV Max 

Htol = 0.6pA Max 

0.25pA Max 

HFA3046 

Three 8GHz NPN Transistors 

Plus an NPN Differential Pair 

8 

12 

40 

40 

14B 

IV|ol = 5mV Max 

HFA3096 

Three 8GHz NPN Transistors 

Plus Two 5.5GHz PNP Transis¬ 
tors 

8 

12/10 

40/25 

40 

16B 

NF=:1.7dBat1GHz 

HFA3127 

Five Independent 8GHz NPN 
Transistors 

8 

_ 

40 

40 

16B 

NF = 1.7dBat1GHz 

HFA3128 

Five Independent 5.5GHz PNP 
Transistors i 

8 

10 

25 

40 

16B 

NF = 1.7dBat1GHz 


NOTE: Bold Type Designates a New Product from Harris 


DIODE ARRAYS 

Electrical Characteristics Ta = +25°C. Apply for Each Diode 


TYPE 

DESCRIPTION 

V(BR) R 
(MIN) V 

Ir (MAX) pA 

Cd(TYP) pF 

Vfi-Vf 2 
(MAX) mV 

(NOTE 1) 

PIN COUNT 
&PACKAGE 
TYPE 

CA3039 

6 Individual 

5 

0.1 

0.65 

5(lF=1mA) 

12T,14M 

Ultra-fast low-capacitance matched diodes 

CA3141 

10 High Reverse Breakdown Volt¬ 
age Diodes (Note 2) 

30 

0.1 

0.3 

0.55 

(typ. each 
diode pr.) 

16E 

• Low-Noise Performance 

• Low-Leakage Current 


NOTE: 


1. See Packaging Information Section of this catalog. 

2. Six connected to form 3 common-cathode pairs. Four connected to form 2 common-anode diode pairs. 
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SEMICONDUCTOR 


CA3018 


March 1993 


General Purpose Transistor Arrays 


Features 

• Matched Monolithic General Purpose Transistors 

• hpE Matched.±10% 

• V 0 E Matched 

- CA3018A.±2mV 

- CA3018.±5mV 

• Operation From DC to 120MHz 

• Wide Operating Current Range 

• CA3018A Performance Characteristics Controlled 
from lOiiA to 10mA 

• Low Noise Figure.3.2dB Typical at 1kHz 

• Full Military Temperature Range_-SS^C to -f■125^C 

Applications 

• Two isoiated Transistors and a Darlington Connected 
Transistor Pair for Low Power Appiications at 
Frequencies from DC through the VHF Range 

• Custom Designed Differentiai Ampiifiers 

• Temperature Compensated Amplifiers 

• See Application Note, AN5296 “Appiication of the 
CA3018 Integrated Circuit Transistor Array” for 
Suggested Appiications 


Pinout 


Description 

The CA3018 and CA3018A consist of four general purpose 
silicon n-p-n transistors on a common monolithic substrate. 

Two of the four transistors are connected in the Darlington 
configuration. The substrate is connected to a separate 
terminal for maximum flexibility. 

The transistors of the CA3018 and the CA3018A are well 
suited to a wide variety of applications in low power systems 
in the DC through VHF range. They may be used as discrete 
transistors In conventional circuits but in addition they 
provide the advantages of close electrical and thermal 
matching Inherent in integrated circuit construction. 

The CA3018A is similar to the CA3018 but features tighter 
control of current gain, leakage, and offset parameters 
making it suitable for more critical applications requiring 
premium performance. 

Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE 


-55°Cto+125°C 12 Pin CAN 


-55°Cto+125°C 12 Pin CAN 


CA3018, CA3018A 
(TO-5 CAN) 
TOP VIEW 



10] SUBSTRATE 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 - _ 


File Number 338.2 
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Specifications CA3018, CA3018A 


Absolute Maximum Ratings (Ta = 

+25°C) 


Operating Conditions 



CA3018 

CA3018A 

Operating Temperature Range. 

..-55°C<TaS+125°C 

Collector-to-Emitter Voltage, Vceo. 

....15V 

15V 

Storage Temperature Range. 

. .-65°C^Ta^+150°C 

Coilector-to-Base Voltage, Vqbo. 

....20V 

30V 



Collector-to-Substrate Voltage, Vdo (Note 1).. .20V 

40V 



Emitter-to-Base Voltage, Vgeo. 

....5V 

5V 



Collector Current, \q . 

... .50mA 

50mA 



Power Dissipation 





Any One Transistor. 


... 300mW 



Total Package. 


... 450mW 



Ta>+85°C. 

.Derate at 5mW/°C 



Junction Temperature. 


... +175°C 



Lead Temperature (Soldering 10 Sec.)_ 


... +300°C 



CAUTION: Strssses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 



Electrical Specifications Ta +25^c 
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Specifications CA3018, CA3018A 



Electrical Specifications Ta = + 25 °c (Continued) 


PARAMETERS 


Temperature Coefficient: 
Base-to-Emitter Voltage Qi, 
Q 2 (Figure 6) 


Base (Q3)-to-Emitter (Q4) 
Voltage Darlington Pair 
(Figure 8) 


Temperature Coefficient: 
Base-to-Emitter Voltage 
Darlington Pair (Q3 and 04) 
(Figure 9) 


Temperature Coefficient: 
Magnitude of Input Offset 
Voltage 


DYNAMIC CHARACTERISTICS 


Low Frequency Noise Figure 
(Figures 10-12) 


Low Requency, Small Signal 
Equivalent Circuit Characteristics 

Forward Current Transfer 
Ratio (Figure 13) 

Short Circuit Input 
Impedance (Figure 13) 

Open Circuit Output 
Impedance (Figure 13) 

Open Circuit Reverse 
Voltage Transfer Ratio 
(Figure 13) 


Admittance Characteristics 

Forward Transfer 
Admittance (Figure 14) 


Input Admittance 
(Figure 15) 


Output Admittance 
(Figure 16) 


Reverse Transfer 
Admittance (Figure 17) 


Gain Bandwidth Product 
(Figure 18) 


Emitter-to-Base Capacitance 


Collector-to-Base Capacitance 


Collector-to-Substrate 

Capacitance 







|f = 1kHz,VcE 

= 3V, 

Ic = lOOpA, Source 

Resistance = 

ika 

f=1kHz, VcE 

= 3V, 

0 

II 

3 

> 


|f=1kHz,VcE 

= 3V, 

0 

II 

1 


f=1kHz, VcE 

= 3V, 

Ic = 1mA 


f = 1kHz, VcE 

= 3V, 

0 

II 

1 


f=1MHz, Vce = 3V, 

lc=1mA 



f = 1MHz, Vce = 3V, 
Ic = 1 mA 


f=1MHz,VcE = 3V, 
lc= 1mA 


f=1MHz, Vce = 3V, 
lc = 1mA 




500 

- 

300 

500 


- 

- 

0.6 

0.58 

- 

- 

0.58 

2.8 

- 

- 

2.8 


1. The collector of each transistor of the CA3018 and CA3018A is isolated from the substrate by an integral diode. The substrate (Terminal 
10) must be connected to the most negative point in the external circuit to maintain Isolation between transistors and to provide for normal 
transistor action. 

2. Actual forcing current Is via the emitter for this test. 


6 -: 


TRANSISTOR AND 
DIODE ARRAYS 
















































































































CA3018, CA3018A 
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CA3018, CA3018A 
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CA3018, CA3018A 


Typical Performance Curves (Continued) 

100 r——■ " ■—m- 1 - 1 —m-1- 1 —r 


VcE » 3V - 
Ta«+ 25 ®C ■ 


hpe«110 
hie « 3.Sld 


I III 
110 1 

LSkn I A1 

1 .88x10-^Mn 


■■ilk: 


■SSSi 


_ nmiikM 

RSilll 


Mil 


■wsi 


\m 


ir 

& E 30 

ii 


COMMON EMITTER aRCUIT, BASE INPUT 
Ta «-faS^C, VcE « 3V, Ic > 1mA 


^nii 
Mill 
■■^11 

■■Il»| 

■■in 

■■■!■ 

»iPSi 

ill“ 


COLLECTOR CURRENT (mA) 

FIGURE 13. h PARAMETERS vs COLLECTOR CURRENT 


COMMON EMITTER CIRCUIT, BASE INPUT 
Ta » +25®C, VcE * 3V, Ic = 1 mA 


mil 

mil 

mil 

mil 

mil 

mil 


mil 


mi^l 
mir/l 

Vf 


■■■■■essill 


m 

IHiSill 

S«ilfllll 

mil 


FREQUENCY (MHz) 

FIGURE 14. FORWARD TRANSFER ADMITTANCE (Yfe) 


COMMON EMITTER aRCUIT, BASE INPUT 

mnm 

Ta > *25*C, VcE • 3V, Ic • 1mA 

1 1 III 1 1 III 1 

- 

■IIH 

HIHIHI 

BBBIIBB 


mum 

■Bill 

■■nil 

BBSii 

■mi 

BBiiS 

■■ii^ 

BSiiS 

■■ii^ 

■niBi 

■Hir^ 

mmwm 

■KIR 

■^11^ 

BIHIBII 

BBBIIBB 


HBBBII 

IBIBI!!^ 


FREQUENCY (MHz) 

FIGURE 15. INPUT ADMITTANCE (Y|e) 


FREQUENCY (MHz) 

FIGURE 16. OUTPUT ADMITTANCE (Yqe) 


COMMON EMITTER CIRCUIT, BASE INPUT 
Ta a +25®C, VcE » 3V, Ic a 1 mA 


is 

fE§ 

lU (A 

Sg -1.S 

ai o 


1 10 100 
FREQUENCY (MHz) 

FIGURE 17. REVERSE TRANSFER ADMITTANCE (Yre) 



Ell 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

COLLECTOR CURRENT (mA) 

FIGURE 18. TYPICAL GAIN BANDWIDTH PRODUCT (fj) vs 
COLLECTOR CURRENT 
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SEMICONDUCTOR 


CA3039 



Features 

• Six Matched Diodes on a Common Substrate 

• Excellent Reverse Recovery Time Ins Typical 

• Matched Monolithic Construction 

- Vp Matched Within 5mV 

• Low Diode Capacitance 

- Cq = 0.65pF Typical at Vr = -2V 

Applications 

• Ultra-Fast Low Capacitance Matched Diodes for 
Applications in Communications and Switching 
Systems 

• Balanced Modulators or Demodulators 

• Ring Modulators 

• High Speed Diode Gates 

• Analog Switches 


Pinouts 


CA3039 
(SOIC) 
TOP VIEW 



Description 

The CA3039 consists of six ultra-fast, low capacitance 
diodes on a common monolithic substrate. Integrated circuit 
construction assures excellent static and dynamic matching 
of the diodes, making the array extremely useful for a wide 
variety of applications in communication and switching sys¬ 
tems. 

Five of the diodes are independently accessible, the sixth 
shares a common terminal with the substrate. 

For applications such as balanced modulators or ring modu¬ 
lators where capacitive balance Is Important, the substrate 
should be returned to a DC potential which is significantly 
more negative (with respect to the active diodes) than the 
peak signal applied. 

Ordering information 


PART 

NUMBER 


CA3039M96 


TEMPERATURE 

RANGE 

-55°Cto+125®C 
-55°C to +125®C 
-55°C to +125°C 


14 Lead SOIC 
14 Lead SOIC* 


* Denotes Tape and Reel 


CA3039 
(TO-5 CAN) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


File Number 343.2 
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Specifications CA3039 


Absolute Maximum Ratings 

Inverse Voltage (PiV) for: D, - D 5 .5V 

Dg.0.5V 

Diode-to-Substrate Voltage (Vqi) for D, - Dg.+20V, -IV 

(Terminal 1,4,5, 8 or 12 to Terminal 10) 

DC Forward Current (Ip).25mA 

Recurrent Forward Current (Ip) ..100mA 

Forward Surge Current (If(surge)) . 100 mA 

Power Dissipation 

Any One Diode Unit.lOOmW 

Total for Device. 600mW 

For Ta > +55°C.Derate Linearly 5.7mW/°C 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Ta = +25°C. Characteristics apply for each diode unit, Unless Otherwise Specified 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

DC Forward Voltage Drop (Figure 1) 

Vf 

ip = 50pA 

- 

0.65 

0.69 

V 

lp = 1mA 

- 

0.73 

0.78 

■■ 

Ip = 3mA 

- 

0.76 

0.80 

V 

Ip = 10mA 

- 

0.81 

0.90 

■■ 

DC Reverse Breakdown Voltage 

V(BR)R 

ln = -10pA 

5 

7 

- 

V 

DC Reverse Breakdown Voltage Between Any 
Diode Unit and Substrate 

V(BR)R 

warn 

20 

■ 

- 

■ 

DC Reverse (Leakage) Current (Figure 2) 


II 

k 

- 

0.016 

100 

nA 

DC Reverse (Leakage) Current Between Any 
Diode Unit and Substrate (Figure 3) 

■■ 

Vr = -10V 

- 

0.022 

100 

nA 

Magnitude of Diode Offset Voltage (Note 1) 
(Figure 1) 

OJ 

LL 

> 

1 

> 

ip = 1mA 

- 

0.5 

5.0 

mV 

Temperature Coefficient of IVp^ - Vpgl (Figure 4) 

^I^FI -''F 2 I 

AT 

Ip = 1 mA 

■ 

1.0 

■ 

|aV/°C 

Temperature Coefficient of Forward Drop 
(Figure 5) 

AVf 

AT 

Ip = 1 mA 

■ 

-1.9 

■ 

mV/°C 

DC Forward Voltage Drop for Anode-to- 
Substrate Diode (Ds) 

Vf 

Ip = 1mA 

■ 

0.65 

■ 

■ 

Reverse Recovery Time 

tRR 


JBI 

1.0 


ns 

Diode Resistance (Figure 6 ) 



25 

30 

45 

Q 

Diode Capacitance (Figure 7) 

Cd 

Vr = -2V, Ip = 0 

- 

0.65 


PF 

Diode-to-Substrate Capacitance (Figure 8 ) 

Cqi 

Vd, = 4V, ip = 0 

- 

3.2 

- 

PF 


Operating Conditions 

Operating Temperature Range.-55°C ^ Ta ^ +125°C 

Storage Temperature Range.-65°C < Ta ^ +150°C 


NOTE: 

1. Magnitude of Diode Offset Voltage is the difference In DC Forward Voltage Drops of any two diode units. 
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SEMICONDUCTOR mWW bWW TW 


March 1993 


General Purpose N-P-N 
Transistor Arrays 


Features 

• Two Matched Transistors: Matched ±5mV; Input 

Offset Current 2}xA Max at Ic = 1mA 

« 5 General Purpose Monolithic Transistors 

• Operation From DC to 120MHz 

• Wide Operating Current Range 

• Low Noise Figure 3.2dB Typical at 1kHz 

• Full Military Temperature Range -55°C to -l■125®C 

Applications 

• Three Isolated Transistors and One Differentially 
Connected Transistor Pair for Low Power Applications 
at Frequencies from DC Through the VHF Range 

• Custom Designed Differential Amplifiers 

• Temperature Compensated Amplifiers 

• See Application Note, AN5296 “Application of the 
CA3018 Integrated-Circuit Transistor Array” for 
Suggested Applications 


Pinout 


Description 

The CA3045 and CA3046 each consist of five general 
purpose silicon n-p-n transistors on a common monolithic 
substrate. Two of the transistors are internally connected to 
form a differentially connected pair. 

The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems In the DC 
through VHF range. They may be used as discrete transis¬ 
tors in conventional circuits. However, in addition, they 
provide the very significant Inherent integrated circuit 
advantages of close electrical and thermal matching. 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

CA3045 

-55°C to +125°C 

14 Lead Ceramic Sidebraze DIP 

CA3045F 

-55°C to +125°C 

14 Lead Ceramic DIP 

CA3046 

-55®Cto+125°C 

14 Lead Plastic DIP 

CA3046M 

-55°C to +125®C 

14 Lead SOIC 

CA3046M96 

-55®C to +125®C 

14 Lead SOIC* 


* Denotes Tape and Reel 


CA3045, CA3046 
(PDIP,CDIP,SOIC) 
TOP VIEW 


DIFFERENTIAL , 
PAIR 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA3045, CA3046 


Absolute Maximum Ratings nA--f 25 °C) Operating Conditions 

Collector-to-EmItter Voltage (Vceo) .‘SSV Operating Temperature Range.-55°C ^ ^ +125®C 

Collector-to-Base Voltage (Vcbo) .20V Storage Temperature Range.-65®C 5 T^ ^ 150°C 

Collector-to-Substrate Voltage (Vdo) (Note 1).20V 

Emitter-to-Base Voltage (Vebo).5V 

Collector Current (Ic).50mA 

Power Dissipation 

CA3045 Each Transistor Total Pkg. 

Up to Ta = +75°C. 300mW 750mW 

Above T/^ = +75°C.Derate Linearly 8 mW/®C 

CA3046, CA3045F Each Transistor Total Pkg. 

Up to Ta = +55°C.. 300mW 750mW 

Above Ta = +55°C.Derate Unearly 6.67mW/°C 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package). +150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed In “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of die device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T^ = +25°C, Characteristics apply for each transistor In CA3046 & CA3046 as specified. 


PARAMETERS 


STATIC CHARACTERISTICS 


Collector-to-Base Breakdown Voltage 


Collector-to-EmItter Breakdown Voltage 


Collector-to-Substrate Breakdown Voltage 


EmItter-to-Base Breakdown Voltage 


Collector Cutoff Current (Figure 1) 


Collector Cutoff Current (Figure 2) 


Static Forward Current Transfer Ratio (Static 
Beta) (Note 2) (Figure 3) 


Input Offset Current for Matched Pair and 
Q 2 - Ihoi - I 102 I (Note 2) (Figure 4) 


Base-to-Emitter Voltage (Note 2) (Figure 5) 


Magnitude of Input Offet Voltage for Differen¬ 
tial Pair IVbei - VeEal (Note 2) (Figures 5,7) 


Magnitude of Input Offset Voltage for Isolated 
Transistors IV 0 E 3 - V 0 E 4 I, IV 0 E 4 - V 0 E 5 I, 

IVbes ■ VbesI (Note 2 ) ( Figures 5,7) 


Temperature Coefficient of Base-to-EmItter 
Voltage (Figure 6 ) 


Collector-to-Emitter Saturation Voltage 


Temperature Coefficient: Magnitude of Input 
Offset Voltage (Figure 7) 


































































































Specifications CA3045, CA3046 


Electrical Specifications - +25°C, Characteristics apply for each transistor In CA3045 & CA3046 as specified. (Continued) 


LIMITS 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

DYNAMIC CHARACTERISTICS 

Low Frequency Noise Figure (Figure 9) 

NF 

f=1kHz, Vce = 3V, Ic=100mA, 
Source Resistance = IkO 

Low Frequency, Small Signal Equivalent 
Circuit Characteristics 

Forward Current Transfer Ratio (Figure 11) 

hpE 

f = 1kHz, Vce = 3V, lc=1mA 

Short Circuit Input Impedance (Figure 11) 


E 

f=1kHz,VcE = 3V, lc=1mA 

Open Circuit Output Impedance (Rgure 11) 

hOE 

f=1kHz, Vce = 3V, lc = 1mA 

Open Circuit Reverse Voltage Transfer 
Ratio (Figure 11) 

^RE 

f = 1kHz,VcE = 3V, lc=1mA 

Admittance Characteristics 

Forward Transfer Admittance (Figure 12) 

■ 

E 

f=1kHz,VcE = 3V, lc=1mA 

Input Admittance (Figure 13) 

Y|E 

f=1kHz,VcE = 3V, lc=1mA 

Output Admittance (Figure 14) 

YqE 

f=1kHz, Vce = 3V, lc=1mA 

Reverse Transfer Admittance (Figure 15) 

Yre 

f = 1kHz, Vce = 3V, lc=1mA 


MIN 1 

TYP 

1 MAX 1 

UNITS 


- 

3.25 

- 

dB 



110 


3.5 


15.6 


1.8x10*^ 


31 -j1.5 


0.3+j0.04 


0.001 +P.03 


See Fig. 14 


550 


0.6 


0.58 


2.8 



Gain Bandwidth Product (Figure 16) 


Emitter-to-Base Capacitance 


Collector-to-Base Capacitance 


Collector-to-Substrate Capacitance 


NOTE: 

1. The collector of each transistor of the CA3045 and CA3046 is Isolated from the substrate by an integral diode. The substrate (Terminal 
13) must be connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal 
transistor action. 

2. Actual forcing current is via the emitter for this test. 
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CA3045, CA3046 




IIHIHSIIII 

i^iinnu 




■BBSailBlIII 


Ig s 3l1lA j 

IgB 1mA 

Ig B 0.5mA 


0.01 0.1 1.0 10 
EMITTER CURRENT (mA) 

FIGURE 5. TYPICAL STATIC BASE-TO-EMITTER VOLTAGE 

CHARACTERISTICS AND INPUT OFFSET VOLTAGE 
FOR DIFFERENTIAL PAIR AND PAIRED ISOLATED 
TRANSISTORS vs EMITTER CURRENT 



Ig B 1mA 
^IgBO.ImA^ 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (®C) 

FIGURE 6. TYPICAL BASE-TO-EMITTER VOLTAGE 

CHARACTERISTIC vs TEMPERATURE FOR EACH 
TRANSISTOR 


Vce»3V 

Rs>5ooa 

Ta»+25®C 


fB 0.1 kHz 
- -1-1 ^ 
fsIkHz ^ 

I t 

fB10kHz^ 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE C»C) 

FIGURE 7. TYPICAL INPUT OFFSET VOLTAGE CHARACTERIS¬ 
TICS FOR DIFFERENTIAL PAIR AND PAIRED 
ISOLATED TRANSISTORS vs TEMPERATURE 


0.01 0.1 1.0 

COLLECTOR CURRENT (mA) 

FIGURE 8. TYPICAL NOISE FIGURE vs COLLECTOR CURRENT 
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CA3045, CA3046 


Typical Performance Curves (Continued) 


Vce = 3V 

RsslOOOO 

TAa+25®C 


fs 0.1kHz j 

I I 

f« 1 kHZv 


30 - 

Vce.3V 

Rs«iooooa 
25 Ta » +25®c - 


fs 0.1 kHz 
I 

• f-lkHz* 


■ lUKnz v. ^ — 


COLLECTOR CURRENT (mA) 


COLLECTOR CURRENT (mA) 


FIGURE 9. TYPICAL NOISE FIGURE vs COLLECTOR CURRENT FIGURE 10. TYPICAL NOISE FIGURE vs COLLECTOR CURRENT 


VcE » 3V 
fsIkHz 
Ta«+25®C 


hpE «110 

hfc s 3.5kn 
hRE« 1.88x10 


liiPL 

_ __ 

IIIIBSttSllI 

m 


COMMON EMITTER CIRCUIT. BASE INPUT 

Ta » +25®C, VcE * 3V, Ir « 1mA 


_LMJ_1 

BmiHHiBIIH 





■iiiiBi 

■HSiSSVniH 



BPBBSSSS 


HlHIHi 


HiHIHii 



HiHIHI 

■BIIBIBiBIliBi 



■BIIHHBIIM 


N 
■ ■ 

Ifl 

m 

1 



■HiMiliiiKssimpsa 




HiHIHHifeHlHil 


COLLECTOR CURRENT (mA) 

FIGURE 11. TYPICAL NORMALIZED FORWARD CURRENT 

TRANSFER RATIO, SHORT CIRCUIT INPUT IMPED¬ 
ANCE, OPEN CIRCUIT OUTPUT IMPEDANCE, AND 
OPEN CIRCUIT REVERSE VOLTAGE TRANSFER 
RATIO vs COLLECTOR CURRENT 


FREQUENCY (MHz) 

FIGURE 12. TYPICAL FORWARD TRANSFER ADMITTANCE VS 
FREQUENCY 


COMMON EMITTER CIRCUIT, BASE INPUT . 
Ta = +25°C, VcE « 3V, Iq «1 mA 

i I I I I I MM I 



iiiir 

iiin_ 

nmmmKm 

_IIHPSiSill 


0.1 1 10 100 0.1 1 10 100 
FREQUENCY (MHz) FREQUENCY (MHz) 

FIGURE 13. TYPICAL INPUT ADMITTANCE vs FREQUENCY FIGURE 14. TYPICAL OUTPUT ADMITTANCE vs FREQUENCY 
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REVERSE TRANSFER CONDUCTANCE (gne) 
OR SUSCEPTANCE (bRe) (mmhos) 


CA3045, CA3046 


Typical Performance Curves (Continued) 



FREQUENCY (MHz) COLLECTOR CURRENT (mA) 

FIGURE 15. TYPICAL REVERSE TRANSFER ADMITTANCE vs FIGURE 16. TYPICAL GAIN BANDWIDTH PRODUCT VS 

FREQUENCY COLLECTOR CURRENT 
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General Purpose High Current 
N-P-N Transistor Arrays 


Features 

• CA3081 - Common Emitter Array 

• CA3082 - Common Collector Array 

• Directly Drive Seven Segment Incandescent 
Displays and Light Emitting Diode (LED) Display 

• 7 Transistors Permit a Wide Range of 
Applications in Either a Common Emitter 
(CA3081) or Common Collector (CA3082) 
Configuration 

• High Ic 100mA Max 

• Low Vcesat (3* 50mA) 0.4 Typ 

Applications 

• Drivers for 

- Incandescent Display Devices 

- LED Displays 

- Relay Control 

- Thyristor Firing 


Pinouts 


CA3081 

COMMON EMITTER CONFIGURATION 
(PDIP, CDIP, 150 mil SOIC) 

TOP VIEW 



Description 

CA3081 and CA3082 consist of seven high current (to 100mA) 
silicon n-p-n transistors on a common monolithic substrate. The 
CA3081 is connected in a common emitter configuration and the 
CA3082 is connected in a common collector configuration. 

The CA3081 and CA3082 are capable of directly driving seven 
segment displays, and light emitting diode (LED) displays. These 
types are also well suited for a variety of other drive applications, 
Including relay control and thyristor firing. 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

CA3081 

-55°C to +125°C 

16 Lead Plastic DIP 

CA3081F 

-55°C to +125°C 

16 Lead Ceramic DIP 

CA3081M 

-55°C to +125°C 

16 Lead Narrow Body 

CA3081M96 

-55°C to +125°C 

16 Lead Narrow Body 

CA3082 

-55^C to +125°C 

16 Lead Plastic DIP 

CA3082F 

-55°C to +125°C 

16 Lead Ceramic DIP 

CA3082M 

-55°C to +125°C 

16 Lead Narrow Body 

CA3082M96 

-55®C to +125®C 

16 Lead Narrow Body 


Denotes Tape and Reel 


CA3082 

COMMON COLLECTOR CONFIGURATION 
(PDIP, CDIP, 150 mil SOIC) 

TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA3081, CA3082 


Absolute Maximum Ratings (Ta = +25^c) 


Operating Conditions 


Collector-to-Emitter Voltage (Vceo).= = . = 

... 16V 

Operating Temperature Range. 

..-55°C<Ta<+125°C 

Collector-to-Base Voltage (Vceo). 

... 20V 

Storage Temperature Range. 

..-65°C<Ta<-i-150°C 

Collector-to-Substrate Voltage (V^o) (Note 1). 

... 20V 



EmItter-to-Base Voltage (Vebo). 

.... 5V 



Collector Current (Ic). 

.100mA 



Base Current (Ib). 

..20mA 



Power Dissipation 




Any One Transistor. 

SOOmW 



Total Package. 

750mW 



Above Ta = -»-55°C.Derate Linearly 6.67mW/°C 



Junction Temperature. 

+175°C 



Junction Temperature (Plastic Package). 

■i-150°C 



Lead Temperature (Soldering 10 Sec.). 

+300°C 



CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications For Equipment Design Ta 

= -i-26°C 





PARAMETERS 


Collector-to-Base Breakdown Voltage 


Collector-to-Substrate Breakdown Voltage 


Collector-to-Emitter Breakdown Voltage 


Emitter-to-Base Breakdown Voltage 


DC Forward Current Transfer Ratio 


Base-to-Emitter Saturation Voltage (Figure 2) 


Collector-to-Emitter Saturation Voltage 
CA3081,CA3082 


CA3081 (Figure 3) 


CA3082 (Figure 3) 


Collector Cutoff Current 


Collector Cutoff Current 


NOTE: 

1. The collector of each transistor of the CA3081 and CA3082 is isolated from the substrate by an integral diode. The substrate must be 
connected to a voltage which is more negative than any collector voltage In order to maintain isolation between transistors and provide 
normal transistor action. To avoid undesired coupling between transistors, the substrate terminal (5) should be maintained at either DC 
or signal (AC) ground. A suitable bypass capacitor can be used to establish a signal ground. 


Typicai Performance Curves 



0.1 1 10 100 
COLLECTOR CURRENT (mA) 

FIGURE 1. DC FORWARD CURRENT TRANSFER RATIO vs 
COLLECTOR CURRENT 



COLLECTOR CURRENT (mA) 

FIGURE 2. BASE-TO-EMITTER SATURATION VOLTAGE vs 
COLLECTOR CURRENT 
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CA3081, CA3082 
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CA3083 
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General Purpose High Current 
N‘P-N Transistor Array 


Features 


Description 


• Highic.100mA Max The CA3083 is a versatile array of five high current (to 

n-p-n transistors on a common monolithic substrate. 


• Low VcE sat (at 50mA).0.7V Max 

• Matched Pair (Q^ and Q 2 ) 

- V|o (Vbe Matched).±5mV Max 

- l|o (at 1mA).2.5pA Max 


In addition, two of these transistors (Q^ and Q 2 ) are matched 
at low current (i.e. 1mA) for applications in which offset 
parameters are of special importance. 

Independent connections for each transistor plus a separate 


. 5 independent Transistors Plus Separate Substrate terminal for the substrate permit maximum flexibility in circuit 


Connection 


Applications 

• Signal Processing and Switching Systems Operating 
from DC to VHP 

• Lamp and Relay Driver 

• Differential Amplifier 

• Temperature Compensated Amplifier 

• Thyristor Firing 

• See Application Note AN5296 “Applications of the 
CA3018 Circuit Transistor Array” for Suggested 
Applications 


Ordering information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA3083 -55°Cto+125°C 16 Lead Plastic DIP 

CA3083F -55°C to +125°C 16 Lead Ceramic DIP 

CA3083M -55®C to +125°C 16 Lead Narrow Body SOIC 

CA3083M96 -55°C to +125°C 16 Lead Narrow Body SOIC" 

* Denotes Tape and Reel 


Pinout 


CA3083 

(PDIP, CDiP ISOmil SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 « * . 
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Specifications CA3083 


Absolute Maximum Ratings (Ta=:+25°C) 


Operating Conditions 


The following ratings apply for each transistor in the device: 


Operating Temperature Range. 

. .-55°C^Ta:S+125°C 

Collector-to-Emitter Voltage, Vceo. 

... 15V 

Storage Temperature Range. 

. .-65°C^Ta^+150°C 

Collector-to-Base Voltage, Vceo. 

... 20V 



Collector-to-Substrate Voltage, Vdo (Note 1). 

... 20V 



EmItter-to-Base Voltage, Vgeo. 

.... 5V 



Collector Current (Iq). 

.100mA 



Base Current (Ib). 

..20mA 



Power Dissipation 




Any One Transistor. 

500mW 



Total Package. 

760mW 



Ta > +55°C.Derate at 6.67mW/°C 



Junction Temperature. 

+175®C 



Junction Temperature (Plastic Package). 

+150®C 



Lead Temperature (Soldering 10 Sec.). 

+300°C 



CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any oUier conditions above those indicated in the operational sections of this specification is not impiied. 


Eiectricai Specifications Ta = +25°C. For Equipment Design 


PARAMETERS 


FOR EACH TRANSISTOR 


Collector-to-Base Breakdown Voltage 


Collector-to-Emitter Breakdown Voltage 


Collector-to-Substrate Breakdown Voltage 


Emitter-to-Base Breakdown Voltage 


Collector-Cutoff-Current 


Collector-Cutoff-Current 


DC Fonward-Current Transfer Ratio (Note 2) (Figure 1) 


Base-to-Emitter Voltage (Figure 2) 


Collector-to-Emitter Saturation Voltage (Rgures 3,4) 


Gain Bandwidth Product 


FOR TRANSISTORS 01 AND 02 (As a Differential Amplifier) 



Absolute Input Offset Voltage (Figure 6) 

IV,ol 

VcE = 3V,lc = 1mA 

- 

1.2 

5 

mV 

Absolute Input Offset Current (Figure 7) 

ly 


- 

0.7 

2.5 

pA 


1 . The collector of each transistor of the CA3083 is Isolated from the substrate by an Integral diode. The substrate must be connected to a 
voltage which is more negative than any collector voltage in order to maintain isolation between transistors and provide normal transistor 
action. To avoid undesired coupling between transistors, the substrate terminal (5) should be maintained at either DC or signal (AC) 
ground. A suitable bypass capacitor can be used to establish a signal ground. 

2. Actual forcing current Is via the emitter for this test. 
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CA3086 


March 1993 


General Purpose N-P-N 
Transistor Array 


Applications 

• Three Isolated Transistors and One Differentially Con> 
nected Transistor Pair For Low-Power Applications 
from DC to 120 MHz 

• General-Purpose Use in Signal Processing Systems 
Operating in the DC to 190MHz Range 

• Temperature Compensated Amplifiers 

• See Application Note, AN5296 '‘Application of the 
CA3018 Integrated-Circuit Transistor Array”' for Sug¬ 
gested Applications 


Ordering information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA3086 -55°C to +125®C 14 Lead Plastic DIP 

CA3086M -65°Cto+125°C 14LeadSOIC 

CA3086M96 -55°C to+125°C 14LeadSOIC* 

CA3086F -55°Cto+125°C 14 Lead Ceramic DIP 

* Denotes Tape and Reel 


Pinout 


Description 

The CA3086 consists of five general-purpose silicon n-p-n 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a differentially 
connected pair. 

The transistors of the CA3086 are well suited to a wide vari¬ 
ety of applications in low-power systems at frequencies from 
DC to 120MHz. They may be used as discrete transistors in 
conventional circuits. However, they also provide the very 
significant inherent advantages unique to integrated circuits, 
such as compactness, ease of physical handling and ther¬ 
mal matching. 


CA3086 

(PDIP, CDIP, SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA3086 


-55°Cto+125°C 
-65°C to +150°C 


Absolute Maximum Ratings Operating Conditions 

Power Dissipation Ambient Temperature Range 

Any one transistor. 300mW Operating.-55°C to +125°C 

Total package up to T^ = +55°C. 750mW Storage.-65°C to +150°C 

Above Ta = +55°C.Derate linearly 6.67 mW/®C 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage, ^ceo ."ISV 

Collector-to-Base Voltage, Vcbo.20V 

Collector-to-Substrate Voltage, Vqio (Note 1).20V 

Emitter-to-Base Voltage, V^bo.5V 

Collector Current, Ic.50mA 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings* may cause permanent damage to the device. This is a stress only rating and operation 
of Uie device at these or any odier conditions above those indicated in the operational sections of this specification is not implied. 


Eiectricai Specifications Ta = +25°C, For Equipment Design 




TEST 


LIMITS 




PARAMETERS 

SYMBOLS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 




Coilector-to-Base Breakdown Voltage 


Collector-to-Emitter Breakdown Voltage 


Collector-to-Substrate Breakdown Voltage 


Emitter-to-Base Breakdown Voltage 


Collector-Cutoff Current (Figure 1) 


Collector-Cutoff Current (Figure 2) 


DC Forward-Current Transfer Ratio (Figure 3) 


NOTE: 

1. The collector of each transistor In the CA3086 is isolated from the substrate by an integral diode. The substrate (terminal 13) must be 
connected to the most negative point in the external circuit to maintain Isolation between transistors and to provide for normal transistor 
action. To avoid undesirable coupling between transistors, the substrate (terminal 13) should be maintained at either DC or signal (AC) 
ground. A suitable bypass capacitor can be used to establish a signal ground. 

Electrical Specifications Ta = +25X, Typical values intended Only for Design Guidance 


CD 
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Specifications CA3086 


Electrical Specifications Ta = +25°C, Typical values intended Only for Design Guidance (Continued) 


PARAMETERS 

SYMBOLS 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

Low-Frequency, Small-Signal Equivalent- 
Circuit Characteristics: 


f=1kHz,VcE = 3V,lc=1mA 



Fon/vard Current-Transfer Ratio 
(Figure 6) 

hpE 


100 

- 

Short-Circuit Input Impedance 
(Figure 6) 

h|E 


3.5 

kQ 

Open-Circuit Output Impedance 
(Figure 6) 



15.6 

pmho 

Open-Circuit Reverse-Voltage 

Transfer Ratio (Figure 6) 

^'re 


1 .8X10-^ 

- 

Admittance Characteristics: 


f=1MHz,VcE = 3V,lc=1mA 



Forward Transfer Admittance 
(Figure?) 

Yfe 


31 -j1.5 

mmho 

Input Admittance (Figure 8) 

Vie 


0.3-i-j0.04 

mmho 

Output Admittance (Figure 9) 

Yoe 


0.001 +j0.03 

mmho 

Reverse Transfer Admittance 
(Figure 10) 

Yre 


See Figure 10 

- 

Gain-Bandwidth Product (Figure 11) 

fj 

Vce = 3V, lc = 3mA 

550 

MHz 

Emitter-to-Base Capacitance 

Cebo 

o 

II 

JLU 

>“ 

CO 

II 

m 

:S‘ 

0.6 

PF 

Collector-to-Base Capacitance 

CcBO 

Vcb = 3V,Ic = 0 

0.58 

PF 

Collector-to-Substrate Capacitance 

Ccio 

Vci = 3V,lc = 0 

2.8 

pF 


Typicai Static Characteristics for Each Transistor 




0 25 50 75 100 125 0 25 50 75 100 125 

TEMPERATURE («C) AMBIENT TEMPERATURE (®C) 

FIGURE 1. IcBo VS TEMPERATURE FIGURE 2. Iceo vs TEMPERATURE 



























































FORWARD TRANSFER CONDUCTANCE (gpe) BASE-TO-EMITTER VOLTAGE (V) STATIC FORWARD CURRENT 

AND SUSCEPTANCE (bpE) (mmhos) « « « « « TRANSFER RATIO (hpE) 


CA3086 
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OUTPUT CONDUCTANCE (goE) 
AND SUSCEPTANCE (boe) (mmhos) 


CA3086 


Typical Static Characteristics for Each Transistor {conummi) 



0.1 1 10 100 1 10 100 
FREQUENCY (MHz) FREQUENCY (MHz) 


FIGURE 9. Yoe vs FREQUENCY FIGURE 10. Yre vs FREQUENCY 



COLLECTOR CURRENT (mA) 
FIGURE 11. It VS Ic 

















CA3096 


March 1993 


Applications 

• Five-Independent Transistors 

- Three N-P-N and 

- TwoP-N-P 

• Differential Amplifiers 

• DC Amplifiers 

• Sense Amplifiers 

• Level Shifters 

• Timers 

• Lamp and Relay Drivers 

• Thyristor Firing Circuits 

• Temperature Compensated Amplifiers 

• Operational Amplifiers 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

CA3096AE 

-55°C to +125°C 

16 Lead Plastic DIP 

CA3096AM 

-55°C to +125°C 

16 Lead Narrow Body SOIC 

CA3096AM96 

-55°C to +125°C 

16 Lead Narrow Body SOlO 

CA3096CE 

-55°C to -•-125°C 

16 Lead Plastic DIP 

CA3096E 

-55°C to +125°C 

16 Lead Plastic DIP 

CA3096M 

-55°C to +125°C 

16 Lead Narrow Body SOIC 

CA3096M96 

-55°C to +125°C 

16 Lead Narrow Body SOIC’ 


* Denotes Tape and Reel 


Pinout 


CA3096, CA3096A, CA3096C 
(PDIP, 150 mil SOIC) 

TOP VIEW 


16 I SUBSTRATE 
QSpi-^ 

1—57] 

04 >-11] 

1—53 
,— T1 


N-P-N/P-N-P Transistor Array 


Description 

The CA3096C, CA3096, and CA3096A are general purpose 
high voltage silicon transistor arrays. Each array consists of 
five independent transistors (two p-n-p and three n-p-n 
types) on a common substrate, which has a separate con¬ 
nection. Independent connections for each transistor permit 
maximum flexibility in circuit design. 

Types CA3096A, CA3096, and CA3096C are Identical, 
except that the CA3096A specifications include parameter 
matching and greater stringency In Icbo Iceo* 
Vce(SAT). The CA3096C Is a relaxed version of the CA3096. 

CA3096A, CA3096, CA3096C 
Essential Differences 

1 CHARACTERISTIC I CA3096A I CA3096 I CA3096C I 



VcESAr(V)Max. 


CA3096A 

CA3096 

CA3096C 




35 

35 

24 

-40 

-40 

-24 

45 

45 

30 

-40 

-40 

-24 

150-500 

150-500 

100-670 

20-200 

20-200 

15-200 

40-250 

40-250 

30-300 

40 

100 

100 

-40 

-100 

-100 

100 

1000 

1000 

-100 

-1000 

-1000 

0.5 

0.7 

0.7 



CD 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 - 
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Specifications CA3096, CA3096A, CA3096C 


Absolute Maximum Ratings 



Operating Conditions 


N-P-N 

P-N-P 

Operating Temperature Range.-55°C ^ T^ ^ +125®C 

Collector-to-EmItter Voltage, Vceo 



Storage Temperature Range.-65°C ^ T^ ^ +150°C 

CA3096, CA3096A. 

. 35V 

-40V 


CA3096C. 

. 24V 

-24V 


Collector-to-Base Voltage, Vcbo 




CA3096, CA3096A. 

. 45V 

-40V 


CA3096C. 

. 30V 

-24V 


Collector-to-Substrate Voltage, Vdo (Note 1) 




CA3096, CA3096A. 

. 45V 

- 


CA3096C. 

. 30V 

- 


Emitter-to-Substrate Voltage, Veiq 




CA3096, CA3096A. 

.. - 

-40V 


CA3096C. 

.. - 

-24V 


Emitter-to-Base Voltage, Vebo 




CA3096, CA3096A. 

.. 6 V 

-40V 


CA3096C. 

.. 6 V 

-24V 


Collector Current, Ic (All Types).. 

.50mA 

-10mA 


Power Dissipation, Pq (Up to T^ = +55°C) 




Device (Total). 


.. 750mW 


Each Transistor. 


.. 200mW 


Above Ta ~ +55°C.Derate Linearly at 6.67mW/®C 


Junction Temperature (Plastic Packages). 


. +150°C 


Lead Temperature (Soldering 10 Sec.). 


. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings“ may cause permanent damage to the device. This is a stress only rating and operation 

of die device at these or any other conditions above those indicated in the operational sections of thb specification is not implied. 

Static Electrical Specifications t^ 

= +25°C 



For Equipment Design 





CA3096A CA3096 CA3096C 

TEST -,----1-- 

PARAMETERS CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 


FOR EACH N-P-N TRANSISTOR 



0.001 40 


0.006 100 


''(BR)CBO 


V(BR)CIO 


lc=1mA, Ib 


Ic=10mA, 
Ie = 0 


lci = 10nA. 

Ib = >£ = 0 


Ie = 10hA, 

lc = 0 


: 0 I 35 50 


45 100 


45 100 


6 8 



0.001 100 nA 


0.006 1000 



35 50 


45 100 


45 100 


6 8 


24 35 


30 80 



Vbe (Note 2) 


hpE (Note 2) 



9.8 

6 

IQH 

9.8 

6 


0.24 

0.5 

■ 

0.24 

0.7 

■ 

0.24 

0.69 

0.78 

0.6 

0.69 

0.78 

0.6 

0.69 

390 

500 

150 

390 

500 

100 

390 
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Specifications CA3096, CA3096A, CA3096C 


Static Electrical Specifications Ta = +25°c (Continued) 

For Equipment Design 


CA3096A CA3096 CA3096C 

TEST ------- 

PARAMETERS CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 


IAVbe/ATI (Note 2) lc=1mA, 
Vce = 5V 


FOR EACH P-N-P TRANSISTOR 



IAVbe/ATI (Note 2) Iq = -100^lA, 
Vce = -5V 


IcBO Collector-Cutoff Current 

•cEo Collector-Cutoff Current 


V(BR)CEO Collector-to-Emitter Breakdown Voltage 
V(BR)CBO Collector-to-Base Breakdown Voltage 
V(BR)cio Collector-to-Substrate Breakdown Voltage 


V(BR)EBO Emitter-to-Base Breakdown Voltage 


Wz Emitter-to-Base Zener Voltage 

VcE SAT Collector-to-Emitter Saturation Voltage 

Vbe Base-to-Emitter Voltage 

hpE DC Forward-Current Transfer Ratio 

IAVbe/ATI Magnitude of Temperature Coefficient: 

(for each transistor) 


1. The collector of each transistor of the CA3096 Is isolated from the substrate by an integral diode. The substrate (terminal 16) must be 
connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor 
action. 

2. Actual forcing current is via the emitter for this test. 
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Specifications CA3096, CA3096A, CA3096C 


Static Electrical Specifications Ta = + 25 °c (CA3096A Only) 

For Equipment Design 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

CA3096A 

MIN 

TYP 

MAX 

FOR TRANSISTORS 01 AND 02 (AS A DIFFERENTIAL AMPLIFIER) 

Absolute Input Offset Voltage 

IV|ol 

Vce = 5V, lc = 1mA 

- 

0.3 

5 

mV 

Absolute Input Offset Current 

U.ol 

- 

0.07 

0.6 

pA 

Absolute Input Offset Voltage 
Temperature Coefficient 

I^Viol 

AT 

■ 

1.1 

- 

pV/°C 

FOR TRANSISTORS 04 AND 05 (AS A DIFFERENTIAL AMPLIFIER) 

Absolute Input Offset Voltage 

IV,ol 

VcE = "5V, Ic = -lOOpA 

Rs=0 

- 

0.15 

5 

mV 

Absolute Input Offset Current 

ll|ol 

- 

2 

250 

nA 

Absolute Input Offset Voltage 
Temperature Coefficient 

l^^ol 

AT 

- 

0.54 

- 

pV/°C 


Dynamic Electrical Specifications Ta = + 25 °c 
Typical Values Intended Only for Design Guidance 





TYPICAL 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

VALUES 

UNITS 


FOR EACH N-P-N TRANSISTOR 


Noise Figure (Low Frequency) 

NF 

f = 1kHz, VcE = 5V, Ic = 1mA, Rg = IkQ 

2.2 

dB 

Low-Frequency, Input Resistance 

R| 

f = 1.0kHz, Vce = 5VIc= 1 mA 

10 

kO 

Low-Frequency Output Resistance 

Ro 

f= 1.0kHz, Vce = 5V Ic= 1 mA 

80 

kO 

Admittance Characteristics 

Forward Transfer Admittance 

m 

f=1MHz, Vce = 5V, lc=1mA 

■ 

mmho 


f=1MHz, Vce = 5V, Ic= 1mA 

-j13 

mmho 

Input Admittance 

■H 

f=1MHz, Vce = 5V, lc=1mA 

2.2 

mmho 

Ki 

f=1MHz, Vce = 5V, lc=1mA 

j3.1 

mmho 

Output Admittance 

9oe 

f=1MHz, Vce = 5V, lc=1mA 

0.76 

mmho 

IHIIIggi 

f=1MHz,VcE = 5V, lc=1mA 

j2.4 

mmho 

Gain-Bandwidth Product 

h 

Vce = 5V, Ic = 1.0mA 

280 

MHz 

VcE = 5V, Ic = 5mA 

335 

MHz 

Emitter-To-Base Capacitance 

CQ 

Ui 

O 

It 

m 

LU 

> 

0.75 

PF 

Collector-To-Base Capacitance 

CcB 

II 

CO 

>“ 

0.46 

PF 

Collector-To-Substrate Capacitance 

Cci 

< 

Q 

II 

3.2 

















































































































Specifications CA3096, CA3096A, CA3096C 


Dynamic Electrical Specifications +25°c 

Typical Values Intended Only for Design Guidance 



Metaiiization Mask Layout 



37-45 
(0.940-1.143) 


-4-10(0.102-0.254) 

37-45 _ 

(0.940-1.143) 


Dimensions in parentheses are in millimeters and are derived from the ba¬ 
sic inch dimensions as indicated. Grid graduations are in mils (10*® Inch). 

The photographs and dimensions represent a chip when it is part of 
the wafer. When the wafer is cut into chips, the cleavage angles are 
57° Instead of 90° with respect to the face of the chip. Therefore, the 
isolated chip is actually 7 mils (0.17mm) larger in both dimensions. 
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CA3096, CA3096A, CA3096C 


Typical Performance Curves 



ZENER VOLTAGE (V) TEMPERATURE (®C) 

FIGURE 1. BASE-TO-EMITTER ZENER CHARACTERISTIC FIGURE 2. COLLECTOR CUT-OFF CURRENT (Iceo) vs 

(N-P-N) TEMPERATURE (N-P-N) 



TEMPERATURE (®C) COLLECTOR CURRENT (mA) 


FIGURE 3. COLLECTOR CUT-OFF CURRENT (Icbo) vs FIGURE 4. TRANSISTOR (N-P-N) hpe vs COLLECTOR 

TEMPERATURE (N-P-N) CURRENT 



COLLECTOR CURRENT (mA) TEMPERATURE (®C) 


FIGURES. Vbe (N-P-N) VS TEMPERATURE 


FIGURE 5. Vbe (N-P-N) vs COLLECTOR CURRENT 







































































DC FORWARD CURRENT TRANSFER RATIO 3 COLLECTOR CUT-OFF CURRENT (pA) COLLECTOR TO EMITTER SATURATION VOLTAGE (V) 


CA3096, 


Typical Performance Curves (Continued) 



0.1 1.0 10 100 
COLLECTOR CURRENT (mA) 

FIGURE 7. VcE SAT (N-P-N) vs COLLECTOR CURRENT 



TEMPERATURE (®C) 

GURE 9. COLLECTOR CUT-OFF CURRENT (Icbo) vs 
TEMPERATURE (P-N-P) 



-40 -20 0 20 40 60 80 

TEMPERATURE (®C) 

FIGURE 11. TRANSISTOR (P-N-P) hpE vs TEMPERATURE 


COLLECTOR CUT-OFF CURRENT (pA) 


CA3096C 



-50 -25 0 25 50 75 100 

TEMPERATURE (®C) 


FIGURE 8. COLLECTOR CUT-OFF CURRENT (Iceo) vs 
TEMPERATURE (P-N-P) 



0.01 0.1 1.0 10 


COLLECTOR CURRENT (mA) 

FIGURE 10. TRANSISTOR (P-N-P) hpE vs COLLECTOR 
CURRENT 



0.01 0.1 1.0 10 
COLLECTOR CURRENT (mA) 

FIGURE 12. Vbe (P-N-P) vs COLLECTOR CURRENT 


CD 
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CA3096, CA3096A, CA3096C 
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CA3096, CA3096A, CA3096C 
























NOISE FIGURE (dB) NOISE FIGURE (dB) 


CA3096, CA3096A, CA3096C 
























CA3096, CA3096A, CA3096C 


Typical Performance Curves (Continued) 



0123456789 10 


BIAS VOLTAGE (V) 

FIGURE 31. CAPACITANCE vs BIAS VOLTAGE (P-N-P) 










CA3096, CA3096A, CA3096C 


Typical Applications (Continued) 


•t.6V 





FIGURE 36. CA3096A SMALL-SIGNAL ZERO VOLTAGE DETECTOR HAVING NOISE IMMUNITY 


LAMP GE2158D 



FIGURE 37. TEN-SECOND TIMER OPERATED FROM 1.5V SUPPLY USING CA3096 





CA3096, CA3096A, CA3096C 


Typical Applications (Continued) 

+6V 


^lookn 

-1 

6.2ka i 

► ^ 6.2kQ 




1% - 

f 1% 




0- 

► @ 

^ W 1 r W 1 

NOTES: 


.04 Qs JJKh)- 


^2 


1. Can be operated with either dual 
supply or single supply. 

2. Wide-input common mode range 
+5V to -5V. 

3. Low bias current: <1 pA. 


I-A-» ■ . -- -6V 

FIGURE 38. CASCADE OF DIFFERENTIAL AMPLIFIERS USING CA3096A 



1 10 100 1 
FREQUENCY (kHz) 

FIGURE 39. GAIN-FREQUENCY CHARACTERISTICS 
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CA3127 


March 1993 


Features 

• Gain Bandwidth Product (f-r).>1GHz 

• Power Gain.30dB (Typ) at 100MHz 

• Noise Figure.3.5dB (Typ) at 100MHz 

• Five independent Transistors on a Common Substrate 

Applications 

• VHF Amplifiers 

• Muitifunction Combinations - RF/Mixer/Osciilator 

• Sense Amplifiers 

• Synchronous Detectors 

• VHF Mixers 

• IF Converter 

• IF Amplifiers 

• Synthesizers 

• Cascade Amplifiers 


Pinout 

Ci 


(PDIP, CDIP 
TOI 


High Frequency N-P-N Transistor Array 


Description 

The CA3127* consists of five general purpose silicon n-p-n 
transistors on a common monolithic substrate. Each of the 
completely isolated transistors exhibits low 1/f noise and a 
value of ij in excess of 1GHz, making the CA3127 useful 
from DC to 500MHz. Access is provided to each of the termi¬ 
nals for the individual transistors and a separate substrate 
connection has been provided for maximum application flexi¬ 
bility. The monolithic construction of the CA3127 provides 
close electrical and thermal matching of the five transistors. 

* Formerly Development Number TA6206. 

Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE 


CA3127E -55°Ct< 

CA3127F -55°Ctc 

CA3127M -55°Ctc 

CA3127M96 -55°Ct< 

* Denotes Tape and Reel. 


RANGE PACKAGE 

-55°C to +125°C 16 Lead Plastic DIP 

-55°C to +125°C 16 Lead Ceramic DIP 

-55°C to +125°C 16 Lead Narrow Body SOIC 

-55°C to +125°C 16 Lead Narrow Body SOIC* 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 ^ _ 
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Specifications CA3127 


Absolute Maximum Ratings 


Operating Conditions 


Power Dissipation, Pq 


Operating Temperature Range. 

. ...-55°Cto+125°C 

Any One Transistor. 

. 85mW 

Storage Temperature Range. 

. ...-65°Cto+150°C 

Total Package 




ForTAUpto+75°C. 

425mW 



For Ta > +75°C.Derate Linearly at 6.67mW/°C 



The following ratings apply for each transistor In the device 




Collector-to-Emitter Voltage, Vceo. 

... 15V 



Collector-to-Base Voltage, Vcbo. 

... 20V 



Collector-to-Substrate Voltage, Vdo (Note 1). 

... 20V 



Collector Current, Ic. 

..20mA 



Junction Temperature. 

+175°C 



Junction Temperature (Plastic Packages). 

+150°C 



Lead Temperature (Soldering 10 Sec.). 

+300°C 



CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 



Electrical Specifications = +25°c 


PARAMETERS 


DC SPECIFICATIONS (For Each Transistor) 


Collector-to-Base Breakdown Voltage 


Collector-to-Emitter Breakdown Voltage 


Collector-to-Substrate Breakdown-Voltage 


Emitter-to-Base Breakdown Voltage (Note 2) 


Collector-Cutoff-Current 


Collector-Cutoff-Current 


DC Forward-Current Transfer Ratio 


Base-to-Emitter Voltage 


TEST CONDITIONS 



Collector-to-Emitter Saturation Voltage 


Magnitude of Difference in Vg^ 


Magnitude of Difference in Ig 


SWITCHING SPECIFICATIONS 


Noise Figure 


Gain-Bandwidth Product 


Collector-to-Base Capacitance 


Collector-to-Substrate Capacitance 


Emitter-to-Base Capacitance 


Voltage Gain 


Power Gain 


Noise Figure 


Input Resistance 


Output Resistance 


Input Capacitance 


Output Capacitance 


Magnitude of Forward Transadmittance 


NOTE: 

1. The collector of each transistor of the CA3127 is Isolated from the substrate by an Integral diode. The substrate (terminal 5) must be con¬ 
nected to the most negative point In the external circuit to maintain isolation between transistors and to provide for normal transistor action, 

2. When used as a zener for reference voltage, the device must not be subjected to more than 0.1 mJ of energy from any possible capacitance 
or electrostatic discharge in order to prevent degradation of the junction. Maximum operating zener current should be less than 10mA. 


f = 100kHz, R 


VcE = 6V, Ic = 5mA 


VcB = 6V,f = 1MHz 


Vci = 6V,f = 1MHz 


BE = 4V,f=1MHz 


VcE = 6V, f = 10MHz, Rl = IkD, Iq = 1mA 


Cascode Configuration 
f= 100MHz, V+=12V, lc=1mA 


Common-Emitter Configuration 
VcE = 6V, Ic = 1 mA, f = 200 MHz 


CD 
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CA3127 


Typical Performance Curves 



FIGURE 1. NOISE RGURE VS COLLECTOR CURRENT AT 
^SOURCE ~ 500Q 



1 


10 


2 3 4 5 6 7 8 

COLLECTOR CURRENT (mA) 

FIGURE 3. GAIN-BANDWIDTH PRODUCT vs COLLECTOR 
CURRENT 



0.01 0.1 1.0 
COLLECTOR CURRENT (mA) 

FIGURE 2. NOISE FIGURE vs COLLECTOR CURRENT AT 

^SOURCE = 



0.1 1 10 
COLLECTOR CURRENT (mA) 

FIGURE 4. BASE-TO-EMITTER VOLTAGE vs COLLECTOR 
CURRENT 



0 1 2 34 5 67 8 9 10 

BIAS VOLTAGE (V) 

FIGURE 5A. CAPACITANCE vs BIAS VOLTAGE FOR Q2 


TRAN¬ 

SISTOR 

CAPACITANCE (pF) 

CcB 

CcE 

Ceb 



TOTAL 


TOTAL 


TOTAL 


TOTAL 

BIAS 

(V) 

- 

6V 

" 

6V 

- 

4V 

- 

6V 

Q1 

00^ 

0.190 


0.125 


0.610 


1.65 

Q2 


0.170 


0.265 


0.360 

0.085 

1.35 

Q3 


0.200 


0.240 


0.625 


1.40 

Q4 


0.190 


0.270 

01^ 

0.610 

mol 

1.25 

Q5 


0.165 


0.115 

0.140 

0.365 


1.35 


FIGURE SB. TYPICAL CAPACITANCE VALUES AT f s 1MHz. 

THREE TERMINAL MEASUREMENT. GUARD ALL 
TERMINALS EXCEPT THOSE UNDER TEST. 
















































CA3127 






COLLECTOR CURRENT (mA) FREQUENCY (MHz) 


FIGURE 10. INPUT ADMITTANCE vs COLLECTOR FIGURE 11. OUTPUT ADMITTANCE (Y 22 ) vs FREQUENCY 

CURRENT 


H 
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CA3127 


Typical Performance Curves (Continued) 



Vce = 6V 
100 ■fB200MHz 


0.400 
TO 0.375 

LU 

O 0.350 

z 

^ 0.325 
O 

g 0.300 

O 0.275 
O 

H 0.250 

H 0.225 
O -««« 


01 23 456789 10 11 12 

COLLECTOR CURRENT (mA) 

FIGURE 12. OUTPUT ADMITTANCE (Yja) vs COLLECTOR 
CURRENT 



5b 

ii 

U 

< 


0123456789 10 11 12 
COLLECTOR CURRENT (mA) 

FIGURE 13. FORWARD TRANSADMITTANCE (Y 21 ) vs 
COLLECTOR CURRENT 


UJ < 

ii 

|§ 30 
< (0 

20 

QC 

*“ 10 



-20 gg 

< ui 

-30 sa 


-so gg 

■60 

si 

< < 

1-80 

; < 


100 150 200 1000 

FREQUENCY (MHz) 

FIGURE 14. FORWARD TRANSADMITTANCE (Yji) vs 
FREQUENCY 



—1— 
012 « 

_ 

_ 

_ 

_ 

_ 

^ TO 

0 0 

-h 

— 

— 

— 

— 

— 

-100 

lYizI 








CC 'S' 
u. u 

00 

i 

O < 

^ w 0.21 

< 

-DC 


01 2345678 9 10 11 12 

COLLECTOR CURRENT (mA) 

FIGURE 15. REVERSE TRANS ADMITTANCE (Yij) vs 
COLLECTOR CURRENT 


'o' 

x: 

UI 1 _ 

Ta = +25®C 
VcE = 6V 

Ic = 1 mA 

OC ^ 

__ 

> Si 


a ^ 

U. UJ 

04 

biz 

UJ z 0.4 

lE 


iZ s 0.3 

|i 

S U) no 


S 2 0.2 
< 

CC 

^ 0.1 



FREQUENCY (MHz) 

FIGURE 16. REVERSE TRANSADMITTANCE (Y^z) VS 
FREQUENCY 


-=r BIAS-CURRENT 
ADJ 


:470| 
pFTp 0.01 

_|jfJlnF 

-o Vo -=■ 


J 0.01 hF 7^ 

^ 470pF 


^l^iFl 7p470pF 


FIGURE 17. VOLTAGE-GAIN TEST CIRCUIT USING CURRENT- 
MIRROR BIASING FOR Qz 
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CA3141 


March 1993 


High-Voltage Diode Array For Commercial, 
Industrial & Military Applications 


Features 

• Matched Monolithic Construction - Vp for Each Diode 
Pair Matched to Within 0.55mV (Typ) at Ip s 1 mA 

• Low Diode Capacitance - 0.3pF (Typ) at Vp = 2V 

• High Diode-to-Substrate Breakdown Voltage - 30V (Min) 

• Low Reverse (Leakage) Current - lOOnA (Max) 

Applications 

• Balanced Modulators or Demodulators 

• Analog Switches 

• High-Voltage Diode Gates 

• Current Ratio Detectors 


Description 

The CA3141E High Voltage Diode Array Consists of ten gen¬ 
eral purpose high reverse breakdown diodes. Six diodes are 
Internally connected to form three common cathode diode 
pairs, and the remaining four diodes are internally connected 
to form two common anode diode pairs. Integrated circuit 
construction assures excellent static and dynamic matching 
of the diodes, making the CA3141 extremely useful for a 
wide variety of applications in communications and switching 
systems. 


Ordering information 


PART 

NUMBER 


TEMPERATURE 

RANGE PACKAGE 

-55°C to +125®C 16 Lead Plastic DIP 



CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


File Number 906.2 







Specifications CA3141 


Absolute Maximum Ratings 


Operating Conditions 


Inverse Voltage (PIV).30V Operating Temperature Range.-55°C < Ta < +125°C 

Peak Diode -to-Substrate Voltage.30V Storage Temperature Range."65°C < Ta ^ +150°C 

Peak Forward Surge Current [Ip (Surge)].100mA 

DC Forward Current (Ip).25mA 

Dissipation: 

Any One Diode Unit.50mW 

Total Package: 

Up to 55°C. 650mW 

For Ta > 55°C.Derate Linearly at 6.67mW/°C 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any odier conditions above those indicated in the operational sections of this specification is not implied. 


Eiectrical Specifications Ta = + 25 °c 
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m HARRIS CA3146, CA3183 

SEMICONDUCTOR ■ W ■ » J ■ W ■ 


March 1993 


Features 

• Matched General Purpose Transistors 

• Vbe Matched ±5mV Max 

• Operation from DC to 120MHz (CA3146, A) 

• Low Noise Figure: 3.2dB Typ at 1kHz (CA3146, A) 

• Highic: 75mA Max (CA3183, A) 

Applications 

• General Use in Signal Processing Systems in DC 
through VHF Range 

• Custom Designed Differential Amplifiers 

• Temperature Compensated Amplifiers 

• Lamp and Relay Drivers (CA3183, A) 

• Thyristor Firing (CA3183, A) 

Ordering Information 

PART TEMPERATURE 

NUMBER _ RANGE _ PACKAGE _ 

CA3146AE -40°C to +85°C 14 Lead Plastic DIP 

CA3146AM -40°C to +85°C 14LeadSOIC 

CA3146AM96 -40°C to +85°C 14 Lead SOIC* _ 

CA3146E -40°C to +85°C 14 Lead Plastic DIP 

CA3146M -40°C to +85°C 14 Lead SOIC 

CA3146M96 -40°C to +85°C ~14 Lead SOIC* 

CA3183AE -40°C to +85°C 16 Lead Plastic DIP 

CA3183AM -40°C to +85°C 16 Lead Narrow Body SOIC 

CA3183AM96 -40°C to +85°C 16 Lead Narrow Body SOIC* 

CA3183E -40°C to +85°C 16 Lead Plastic DIP 

CA3183M -40°C to +85°C 16 Lead Narrow Body SOIC 

CA3183M96 -40^C to •f85°C 16 Lead Narrow Body SOIC* 

‘Denotes Tape and Reel 


High-Voltage Transistor Arrays 


Description 

The CA3146A, CA3146, CA3183A, and CA3183* are 
general purpose high voltage silicon n-p-n transistor arrays 
on a common monolithic substrate. 

Types CA3146A and CA3146 consist of five transistors with 
two of the transistors connected to form a differentially 
connected pair. These types are recommended for low 
power applications in the DC through VHF range. (CA3146A 
and CA3146 are high voltage versions of the popular 
predecessor type CA3046.) 

Types CA3183A and CA3183 consist of five high current 
transistors with independent connections for each transistor. 
In addition two of these transistors (Q1 and Q2) are matched 
at low current (i.e. 1mA) for applications where offset 
parameters are of special Importance. A special substrate 
terminal Is also Included for greater flexibility in circuit 
design. (CA3183A and CA3183 are high voltage versions of 
the popular predecessor type CA3083.) 

The types with an “A” suffix are premium versions of their 
non-”A” counterparts and feature tighter control of break¬ 
down voltages making them more suitable for higher voltage 
applications. 

For detailed application Information, see companion Application 
Note AN5296 “Application of the CA3018 Integrated Circuit 
Transistor Array.” 

‘ Formerly Developmental Types Nos. 

CA3146A - TA6084 CA3183A - TA6094 

CA3146 - TA6181 CA3183 - TA6183 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 _ 
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Specifications CA3146, CA3146A, CA3183, CA3183A 


Absolute Maximum Ratings 


Operating Conditions 


Power Dissipation: (any one transistor) 


Operating Temperature Range 


CA3146A, CA3146. 

, .300mW 

CA3146A, CA3146, CA3183A, CA3183 .... 

....-40°C to +85°C 

CA3183A, CA3183. 

, .500mW 

Storage Temperature Range (all types). 

.. .-65°Cto+150°C 

Total Package 




Up to +55°C (CA3146A, CA3146, CA3183A, CA3183)... 

. .750mW 



Above +55°C.Derate Linearly 6.67mW/°C 



(CA3146, A, CA3183, A) 




The following ratings apply for each transistor in the device: 




Collector-to-Emitter Voltage (Vceo): 




CA3146A, CA3183A. 

....40V 



CA3146,CA3183. 

....30V 



Collector-to-Base Voltage (Vcbo)’- 




CA3146A, CA3183A. 

....50V 



CA3146,CA3183. 

....40V 



Collector-to-Substrate Voltage (Vdo): (Note 1) 




CA3146A, CA3183A. 

....50V 



CA3146,CA3183. 

....40V 



EmItter-to-Base Voltage (Vebo) all typas. 

.5V 



Collector Current 




CA3146A, CA3146. 

.. 50mA 



CA3183. 

..75mA 



Base Current (Ib) - CA3183A, CA3183. 

.. 20mA 



Junction Temperature. 

.+175®C 



Junction Temperature (Plastic Package). 

+150°C 



Lead Temperature (Soldering 10 Sec.). 

. +300°C 



CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of Vie device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Values Apply For Each Transistor 


TYPE 

(NOTE 2) 

Pj MAX. 
(mW) 

Ic MAX. 
(mA) 

VcEO 

(MAX) 

(V) 

VcBO 

(MAX) 

(V) 

^CE SAT AT 

10mA TYP 
(V) 

hpE AT 1 mA, 
&Vce = 5V 
(TYP) 

DIFF. PAIR AT 1mA 

Ta range 

(OPERATING) 

V|o MAX 
(mV) 

1,0 MAX 
(pA) 

VALUES APPLY FOR EACH TRANSISTOR 

CA3146A 

300 

50 

40 

50 

0.33 

100 

±5 

2 

-40°C to +85°C 

CA3146 

300 

50 

30 

40 

0.33 

100 

±5 

2 

-40°C to +85°C 

CA3183A 

500 

75 

40 

50 

0.16 

75 

±5 

2.5 

-40°C to +85°C 

CA3183 

500 

75 

30 

40 

0.16 

75 

±5 

2.5 

-40®C to +85°C 


Comparison Of Related Predecessor Type with Types in this Data Sheet 


TYPE 

VcEO 

MIN (V) 

VcBO MIN 
(V) 

VcesatTYP 

(V) 

VbeTYP 

(V) 

■CMAX 

(mA) 

CcbTYP 

(PF) 

CcjTYP 

(pF) 

CebTYP 

(pF) 




IIIIIIQQIQIQIIIIIII^ 





CA3046 

15 

20 

0.23 

0.715 

50 

0.58 

2.8 

0.6 

CA3146A 

40 

50 

0.33 

0.730 

50 

0.37 

2.2 

0.7 

CA3146 

30 

40 

0.33 

0.730 

50 

0.37 

2.2 

0.7 
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Specifications CA3146, CA3146A, CA3183, CA3183A 


Comparison Of Related Predecessor Type with Types in this Data Sheet (Continued) 


TYPE 

Yceo 

MIN (V) 

VcboMIN 

(V) 

VcesatTYP 

(V) 

VbeTYP 

(V) 





CA3083 

15 

20 

0.4 

0.74 

CA3183A 

40 

50 

1.7 

0.75 

CA3183 

30 

40 

1.7 

0.75 



1. The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transisters, and to provide for normal transistor action. To 
avoid undesired coupiing between transistors, the substrate terminal should be maintained at either DC or signal (AC) ground. A suitable 
bypass capacitor can be used to estabiish a signal ground. 

2. Caution on Total Package Power Dissipation: The maximum total package dissipation rating for the CA3146 and CA3183 Series circuits 
is 750mW at temperatures up to +55°C, then derate linearly at 6.67mW/®C. 



TEST CONDITIONS 

Ta = +25®C 

TYP. 
CHAR. 
CURVE 
RQ. NO. 


Static Electrical Characteristics CA3146 Series 


PARAMETERS 


For Each Transistor 


Collector-to-Base Break- V(br)cbo == = 0 

down Voltage 


Collector-to-EmItter 
Breakdown Voltage 


Collector-to-Substrate I V(br)cio I ^ci = 10pA, Ib = 0, 


lE = 10pA. lc = 0 


Breakdown Voltage 


Emitter-to-Base 
Breakdown Voltage 


Collector-Cutoff Current Iceo ^ce = 1 OV, Ib = 0 


Collector-Cutoff Current Icbo ^cb = 10V, Ig = 0 


DC Forward-Current 
Transfer Ratio 


Base-to-EmItter 

Voltage 


Collector-to-Emitter Sat¬ 
uration Voltage 


= 10mA, Ib = 1mA 


For transistors Q3 and Q4 (Darlington Configuration): 


Base-to-EmItter 

(Q3toQ4) 

Vbe 

Magnitude of Base-to- 
Emitter Temperature Co¬ 
efficient 

UJ 

CD 1- 
> < 

< 





0.002 100 


85 


0.002 100 I nA 


85 


30 100 


90 



<£) 
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Specifications CA3146, CA3146A, CA3183, CA3183A 


Static Electrical Characteristics ca 31 46 Series (Continued) 




1 TEST CONDITIONS | 

1 LIMITS 1 





TYP. 

CA3146A 

CA3146 


PARAMETERS 

SYMBOL 


CHAR. 

CURVE 

fig.no. 

MIN 

TYP 

MAX 

MN 

TYP 

MAX 

UNITS 


For transistors Q1 and Q2 (As a Differential Amplifier): 


Magnitude of Input IV,ol Vqe = 5V. Ig = 1mA 10,11 - 0.48 5 - 0.48 5 I mV 

Offset Voltage I 


IVbei “ VBE 2 I 

_ 

_ 

Magnitude of Base-to- 
Emitter Temperature Co¬ 
efficient 





AT 

Magnitude of V|o 
(Vbei - VbE2) 

Temperature 

Coefficient 


AV|o 

AT 


Vce = 5V. 

Ici = *C 2 = 1mA 




Magnitude 
of Input Off¬ 
set Current 

CA3146AE 

and 

CA3146E 

*10 

Vce = 5V. 

^ci Ic2 “ 1mA 

12 

1 

0.3 

2 

■ 

0.3 

2 

pA 

••loi - hoal 

Only 







■ 





Dynamic Electrical Characteristics ca 3146 Series 
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Specifications CA3146, CA3146A, CA3183, CA3183A 


Dynamic Electrical Characteristics ca 3146 Series (Continued) 


TEST CONDITIONS 


PARAMETERS 


Gain-Bandwidth Product 


Emitter-to-Base 

Capacitance 


Collector-to-Base 

Capacitance 


Collector-to-Substrate 

Capacitance 


VcE = 5V, Ic = 3mA 21 


Ceb Veb = 5V.Ie = 0 


TYP. 

1 CA3146A 1 

1 CA3146 1 


CHAR. 

CURVE 

FIG. 

NO. 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

21 

IQI 

500 

- 


500 

- 

MHz 

22 

- 

0.70 

- 

- 

0.70 

- 

PF 

22 

■ 

0.37 

■ 

- 

0.37 

- 

PF 

22 

- 

2.2 

- 

- 

2.2 

- 

pF 


Static Electrical Characteristics CA3183 Series 


TEST CONDITIONS 


PARAMETERS 


For Each Transistor: 


Collector-to-Base 
Breakdown Voltage 


Collector-to-Emitter 
Breakdown Voltage 


Collector-to-Substrate 
Breakdown Voltage 


Emitter-to-Base 
Breakdown Voltage 


Collector-Cutoff Current 


Collector-Cutoff Current 


DC Forward-Current 
Transfer Ratio 


Base-to-Emitter Voltage 


Collector-to-Emitter 
Saturation Voltage 


For Transistors Q1 and Q2 (As a Differet itial Amplifier): 



CA3183A 

MIN 

TYP 

MAX 


''(BR)CBO 


V(BR)CEO 


V(BR)CIO 


V(BR)EBO Ie = 500pA, Ic = 0 


CEO VcE = 10V, Ig = 0 


CBO VcB=10V, Ie = 0 


FE 

I VcE = 5V,lc = 50mA 


23 


24 


25,26 I 40 


Absolute Input Offset 
Voltage 


Absolute Input Offset 
Current 



VcE = 3V,lc = 10mA 27 I 0.65 0.75 0.85 I 0.65 0.75 0.85 


0.75 

0.85 

1.7 

3.0 



0.75 

0.85 

1.7 

3.0 




lliol VcE = 3V,lc = 1mA 30 


0.47 

5 

0.78 

2.5 


0.47 

5 

0.78 

2.5 


NOTE: 

1. A maximum dissipation of 5 transistors x 150mW = 750mW is possible for a particular application. 
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Specifications CA3146, CA3146A, CA3183, CA3183A 
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NOISE RGURE (dB) NOISE FIGURE (dB) ^ BASE TO EMITTER VOLTAGE (V) 


CA3146, CA3146A, CA3183, CA3183A 



pica I Performance Curves Dynamic Characteristics (for any transistor) - CA3146 Series 



COLLECTOR CURRENT (mA) 
FIGURE 9. NF vs Ic AT Rg = 500D 


VcE = 5V 
Rs=:1000O 
20 .Ta«+25<»C 



COLLECTOR CURRENT (mA) 
FIGURE 10. NF vs Iq AT Rs s IkQ 



COLLECTOR CURRENT (mA) 
FIGURE 11. NF vs Ic AT Rg = lOkn 


Vce = 5V ■ 
fa 1kHz 
Ta = +25®C ■ 


I III 

hpgalOO 1 

h,E = 2.7ka 1/ 

hRE«1.88x10-^r 1 

hoE * 15.6|imho-i 


0.1 1.0 

COLLECTOR CURRENT (mA) 

FIGURE 12. hpE, h|E, hoE> vs Iq 
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GAIN BANDWIDTH PRODUCT (MHz) OUTPUT CONDUCTANCE (goe) FORWARD TRANSFER CONDUCTANCE (gpe) 

OR SUSCEPTANCE (boe) (mmho) OR SUSCEPTANCE (bpe) (mmho) 


CA3146, CA3146A, CA3183, CA3183A 


COMMON EMITTER CIRCUIT, BASE INPUT 
Ta « +25®C, VcE * 5V, Ic = 1 mA 


■III 

■III 



HHIIHI 

■HIIBI 

Min 


—■■■— 

IP■■l■i 

■■■■n 


■■■iS 

HiBin 


HilllHi 

■■■■ilm^m 


HIHIIH 


HillliH 

■■m 

mmam 


HHIIHI 

■■■!■ 

mmwim 


HHIIHI 

MIIH 



HIhi5SSSS5 

piBin 

HHIHfe 


■■■iiHgaiHi 

■iBIlBIlBIlHi 

■■in 

■■in 


COMMON EMITTER CIRCUIT, BASE INPUT 
Ta =+25®C. VcE = 5V, Ic = 1mA 


IHII 

mil 

mil 

mil 


iiiMggilMi 


mKrif 

H^ill 

nil 


FREQUENCY (MHz) 
FIGURE 13. Yfe vs FREQUENCY 


FREQUENCY (MHz) 
FIGURE 14. Vie vs FREQUENCY 


COMMON EMITTER CIRCUIT, BASE INPUT 
Ta s +25®C, Vce * 3V, Ic * 1 mA 


IMII 


Hill 

Hill 


Hill 

Hill 


Himl 
mnrr 
mwm 

IKIB . 

l^lliQfll 


COMMON EMITTER CIRCUIT, BASE INPUT 
Ta a +25®C, Vce * 5V, Ic * 1 mA 


FREQUENCY (MHz) 
FIGURE 15. Yoe vs FREQUENCY 


FREQUENCY (MHz) 
FIGURE 16. Yre VS FREQUENCY 


\U\ 


Ta = +25®C 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

COLLECTOR CURRENT (mA) 

FIGURE 17. fjvslc 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

BIAS VOLTAGE (V) 

FIGURE 18. Ceb. Ccb> Cd vs BIAS VOLTAGE 





























BASE TO EMITTER VOLTAGE (V) 3 DC FORWARD CURRENT TRANSFER RATIO (hpE) 


CA3146, CA3146A, CA3183, CA3183A 
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ABSOLUTE INPUT - OFFSET VOLTAGE (mV) 


CA3146, CA3146A, CA3183, CA3183A 


Typical Performance Curves static Characteristics - CA3183 Series (Continued) 



COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 

FIGURE 25. I Vk>I vs Iq FOR DIFFERENTIAL AMPLIFIER (Q1 AND Q2) FIGURE 26. il,oi vs Iq FOR DIFFERENTIAL AMPLIFIER (01 AND 02) 






HARRIS CA3227, CA3246 

SEMICONDUCTOR M H M ■ 


March 1993 


High-Frequency N-P-N Transistor Arrays For Low- 
Power Applications at Frequencies Up to 1.5GHz 


Features 

• Gain-Bandwidth Product (f j) > 3GHz 

• Five Transistors on a Common Substrate 

Applications 

• VHF Ampiifiers 

• VHF Mixers 

• Muitifunction Combinations-RF/Mixer/Osciiiator 

• IF Converter 

• IF Ampiifiers 

• Sense Ampiifiers 

• Synthesizers 

• Synchronous Detectors 

• Cascade Amplifiers 


Pinouts 


CA3246 
(PDIP, SOIC) 
TOP VIEW 


Description 

The CA3227 and CA3246* consist of five general purpose 
silicon n-p-n transistors on a common monolithic substrate. 
Each of the transistors exhibits a value of fj in excess of 
3GHz, making them useful from DC to 1.5GHz. The mono¬ 
lithic construction of these devices provides close electrical 
and thermal matching of the five transistors. 

* Formerly RCA Development Nos. TA10854 and TA10855, respec¬ 
tively. 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

CA3227E 

-55°C to +125°C 

16 Lead Plastic DIP 

CA3227M 

-55°C to +125°C 

16 Lead Narrow Body 
SOIC 

CA3227M96 

-55°Cto+125°C 

16 Lead Narrow Body 
SOIC* 

CA3246E 

-55'‘Cto+125°C 

14 Lead Plastic DIP 

CA3246M 

-55°C to +125°C 

14 Lead SOIC 

CA3246M96 

-55°C to +125°C 

14 Lead SOIC * 


* Denotes Tape and Reel 


CA3227 

(PDIP, 150 mil SOIC) 
TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper t.C. Handling Procedures. 
Copyright © Harris Corporation 1993 _ _ 
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Specifications CA3227, CA3246 


.,.-55°C<Ta<+125°G 

...-65°C<Ta<+150°C 


Absolute Maximum Ratings (Ta = +25°C) Operating Conditions 

Power Dissipation, Pd: Operating Temperature Range .-55°C < Ta < +125°G 

Any one transistor.85mW Storage Temperature Range..-65°C < Ta < +150°C 

Total Package: 

For Ta Up To +75°C. 425mW 

For Ta > +75°C.Derate Linearly at 6.67mW/°C 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage (Vceo). 

Collector-to-Base Voltage (Vceo).12V 

Coliector-to-Substrate Voltage (Vdo) (Note 1).20V 

Collector Current (Ic).20mA 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the qserational sections of this specification is not impiied. 


Static Eiectricai Specifications Ta = + 25 °c 


PARAMETER 


FOR EACH TRANSISTOR 


Collector-to-Base Breakdown 
Voltage 


Collector-to-Emitter Breakdown 
Voltage 


Collector-to-Substrate Breakdown 
Voltage 


Emitter-Cutoff-Current (Note 2) 


Collector-Cutoff-Current 


Collector-Cutoff-Current 


DC Forward-Current Transfer Ratio 


Base-to-EmItter Voltage 


Collector-to-Emitter Saturation 
Voltage 


Base-to-Emitter Saturation Voltage 



TEST CONDITIONS 



V(BR)CB0 


V(BR)CE0 


V(BR)CIO 


lc=10pA, 1e = 0 


12 

20 

8 

10 



0 = 10mA, Ib= 1mA 


= 10mA, Ib= 1mA 


NOTES: 

1. The collector of each transistor of these devices is isolated from the substrate by an integral diode. The substrate (terminal 5/CA3227 
and terminal 13/C A3246) must be connected to the most negative point in the external circuit to maintain Isolation between transistors 
and to provide for normal transistor action. 

2. On small-geometry, high-frequency transistors, it is very good practice never to take the Emitter Base Junction into reverse break¬ 
down. To do so may permanently degrade the hpe- Hence, the use of IgBo rather than V(br)ebo- These devices are also susceptible 
to damage by electrostatic discharge and transients in the circuits in which they are used. Moreover, CMOS handling procedures 
should be employed. 
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Specifications CA3227, CA3246 


Dynamic Electrical Specifications \ = +25°C, 200 MH 2 , Common Emitter, Typical Values Intended Only for Design Guidance 


PARAMETER 


FOR EACH TRANSISTOR 


Input Admittance 


Output Admittance 


Forward Transfer Admittance 


Reverse Transfer Admittance 


Input Admittance 


Output Admittance 


Forward Transfer Admittance 


Reverse Transfer Admittance 


Small Signal Forward Current Transfer Ratio 


TYPICAL CAPACITIES AT 1MHz, THREE-TERMINAL MEASUREMENT 


Collector-to-Base Capacitance 


Collector-to-Substrate Capacitance 


Collector-to-Emitter Capacitance 


Emitter-to-Base Capacitance 


Spice Model (Spice 2G.6) 


.model NPN 


TEST CONDITION 


TYPICAL 

VALUES UNITS 



+ 

BF = 2.610E + 02 

BR = 4.401 E +00 

IS = 6.930E-16 

RB = 130.0E-H 00 

+ 

RC= 1.000E + 01 

RE = 7.396E - 01 

VA = 6.300E + 01 

VB = 2.208E + 00 

+ 

IK=:1.000E-01 

ISE = 1.87E-14 

NE = 1.653E + 00 

IKR = 1.000E-02 

+ 

ISC = 9.25E-14 

NC = 1.333E + 00 

TF=:1.775E-11 

TR= 1.000E-09 

+ 

CJS = 1.800E-12 

CJE = 1.010E-12 

PE = 8.350E - 01 

ME = 4.460E - 01 

+ 

CJC = 9.100E-13 

PC = 3.850E - 01 

MC = 2.740E - 01 

KF = O.OOOE + 00 

+ 

AF=:1.000E + 00 

EF= 1.000E + 00 

FC = 5.000E - 01 

PJS = 5.410E-01 

+ 

MJS = 3.530E - 01 

RBM = 30.00 

RBV=:100 

IRB = 0.00 


Please Note: No measurements have been made to model the reverse AC operation (tr is an estimation) 


6-67 


TRANSISTOR AND 
DIODE ARRAYS 

























































































NOISE FIGURE (dB) 


CA3227, CA3246 


Typical Performance Curves 






BIAS VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs BIAS VOLTAGE 


































CA3227, CA3246 


Die Characteristics 

DIE DIMENSIONS: 

46 X 32 mils CA3227 

47 X 33 mils CA3246 


Metaiiization Mask Layout 


CA3227 


(14) (13) (12) (11) 



(3) (4) (5) (6) 


SUBSTRATE 


CA3246 

SUBSTRATE 

(13) (12) (11) (10) 



(3) (4) (5) (6) 
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SEMICONDUCTOR 


HFA3046, HFA3096 
HFA3127, HFA3128 


April 1993 


Ultra High Frequency Transistor Array 


Features Description 

• NPNTransistor(fj).. 8GHz The HFA3046, HFA3096, HFA3127 and the HFA3128 are 

Ultra High Frequency Transistor Arrays that are fabricated 

• NPN Current Gain (hpE).70 Semiconductor’s complementary bipolar UHF-1 

• NPN Early Voltage (V^).50V process. Each array consists of five dielectrically isolated 

transistors on a common monolithic substrate. The NPN 

• PNP Transistor (fj) .5.5GHz transistors exhibit a ij of 8GHz while the PNP transistors 

• PNP Current Gain (hpe) .40 provide a fj of 5.5GHz. Both types exhibit low noise (2.5dB), 

making them ideal for high frequency amplifier and mixer 
. PNP Early Voltage (Va) . 25V applications. 

• Noise Figure (50£1) ® 1.0GHz.2.5<JB j^e HFA3046 and HFA3127 are all-NPN arrays while the 

• Collector-to-Collector Leakage.<1pA HFA3128 has all PNP transistors. The HFA3096 is a NPN- 

PNP combination. Access is provided to each of the termi- 

• Complete Isolation Between Transistors nals for the individual transistors for maximum application 

. Pin Compatible with Industry Standard 3XXX Series flexibility. Monolithic construction of these transistor arrays 
g provides close electrical and thermal matching of the five 

transistors. 


Applications 

• VHF/UHF Amplifiers 

• VHFAJHF Mixers 

• IF Converters 

• Synchronous Detectors 


For PSPICE, package models, S-Parameters as well as cus¬ 
tom transistor arrays, please contact your local sales office 
for more information. 

Ordering information 
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PART NUMBER 

PRODUCT DESCRIPTION 

HFA3046B 

14 Lead SOIC 

HFA3096B, HFA3127B, 
HFA3128B 

16 Lead Narrow Body SOIC 

HFA3046Y, HFA3096Y 

DIE 

HFA3127Y, HFA3128Y 

DIE 


Pinouts 


HFA3046 HFA3096 HFA3127 HFA3128 



14 and 16 lead SOIC packages are available in narrow body width (ISOmlls). Refer to package outline information. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 

Copyright © Harris Corporation 1993 * 

D-/U 


File Number 3076.3 














Specifications HFA3046, HAF3096, HFA3127, HFA3128 


Ratinqs Thermal Information 


Absolute Maximum Ratings 

Collector to Emitter Voltage (Open Base).8.0V 

Collector to base voltage (Shorted Base). 12.0V 

Emitter to Base Voltage (Reverse Bias). 5.5V 

Collector Current. 40mA 

Storage Temperature Range.-65°C to +150°C 

Operating Temperature Range.-55®C to +125®C 

Junction Temperature. +175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 


Thermal Resistance 0j/^ 0jc 

Plastic 14 SOIC Package. 119°C/W 36°C/W 

Plastic 16 SOIC Package. 114°C/W 35°C/W 

Maximum Package Power Dissipation at +75°C 

Plastic SOIC 14 Package.0.63 W 

Plastic SOIC 16 Package.0.66 W 

Any One Transistor.0.60 W 

Derating Factor Above +75°C 

Plastic SOIC 14 Package.8.4mW/°C 


Plastic SOIC 16 Package.8.8mW/°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the q^erathnal sections of this specification is not implied. 


Static NPN Characteristics at Ta +25°c 


TEST CONDITIONS 


Iq — lOOpA, 1^ = 0 


= 100pA, Ib = 0 


Ic = lOOpA, Base Shorted to 
Emitter 


PARAMETERS 


Collector-to-Base Breakdown 
Voltage, V(br)cbo 


Collector-to-Emitter Break¬ 
down Voltage, V(br)ceo 


Collector-to-Emitter Break¬ 
down Voltage, V(br)ces 


Emitter-to-Base Breakdown 
Voltage, V(br)ebo 


Collector-Cutoff-Current, Iceo 


Collector-Cutoff-Current, Icbo 


Collector-to-Emitter Saturation 
Voltage, Vce(sat) 


Base-to-Emitter Voltage, Vbe 


DC Forward-Current Transfer 
Ratio, hpB 


Early Voltage, V^ 


Base-to-Emitter Voltage Drift 


Collector-to-Collector Leakage 


Dynamic NPN Characteristics atT^ = +25°c 


MIN TYP MAX I MIN TYP MAX I UNITS 


12 18 - 12 18 





PARAMETERS 


Noise Figure 


fj Current Gain-Bandwidth 
Product 


TEST CONDITIONS 


f = 1.0GHz, Vce = 5V. 
Ic = 5mA, Zs = 50Q 


DIE 




SOIC 


Power Gain-Bandwidth 
Product, fMAX 


Base-to-Emitter Capacitance 


Collector-to-Base Capacitance Vcb==3V 


== 40mA, VcE = 5V 


= 10mA, Vce = 5V 



UNITS 


dB 


GHz 


GHz 


GHz 


GHz 


fF 


fF 
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Specifications HFA3046, HFA3096, HFA3127, HFA3128 


Static PNP Characteristics at Ta = +25°c 


PARAMETERS 


Collector-to-Base Breakdown 
Voltage, V(br)cbo 


Collector-to-Emitter Break¬ 
down Voltage, V(br)ceo 


Collector-to-Emitter Break¬ 
down Voltage, V(br)ces 


EmItter-to-Base Breakdown 
Voltage, V(br)ebo 


Collector-Cutoff-Current, Iceo 


Collector-Cutoff-Current, Icbo 


Collector-to-Emitter Saturation 
Voltage, Vce(sat) 


Base-to-Emitter Voltage, Vbe 


DC Forward-Current Transfer 
Ratio, hpE 


Early Voltage, V^ 


Base-to-Emitter Voltage Drift 


Collector-to-Collector Leakage 



Dynamic PNP Characteristics atT^ = +25°c 


PARAMETERS 


Noise Figure 


f j Current Gain-Bandwidth 
Product 


Power Gain-Bandwidth 
Product 


Base-to-Emitter Capacitance 


Collector-to-Base Capacitance 


TEST CONDITIONS 


f = 1.0GHz, Vce = -5V, 
Ic = -5mA, Zs = 500 


DIE 




SOIC 

TYP I MAX UNITS 



dB 


GHz 

GHz 


GHz 

GHz 


fF 


fF 



ig Characteristics for the HFA3046 



PARAMETERS 

TEST CONDITIONS 

Input Offset Voltage 


Input Offset Current 

IQIQQQQI^JIIIIIIIII^^ 

Input Offset Voltage TC 




S-Parameter and PSPICE model data is available from Harris Sales Offices. 
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HFA3046, HFA3096, HFA3127, HFA3128 


Die Characteristics 

PROCESS: 

UHF-1 

DIE DIMENSIONS: 

53x52x19±1mils 
1340|xm X 1320|im ± 25.4nm 

METALLIZATION: 

Type; Metal 1; AICu(2y^/TiW Type; Metal 2; AICu(2%) 

Thickness; Metal 1 ; 8kA±0.4kA Thickness; Metal 2; 16kA±0.8kA 

GLASSIVATION: 

Type; Nitride 
Thickness; 4kA ± O.SkA 

DIE ATTACH: 

Material; Epoxy 

WORST CASE CURRENT DENSITY: 

1.39x10® A/cm* 

Metallization Mask Layout 

Pad numbers correspond to package part pin out. 

HFA3096, HFA3127, HFA3128 


00 0 0 


0 

0 

0 

0 

0 

0 

0 

0 

00 0 0 


L 1320u.m 


B Q 03 0 
0 0 

Q □ 

□ 0 

H 0 

00 0 0 
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HFA3046, HFA3096, HFA3127, HFA3128 


Typical Performance Curves 



COLLECTOR TO EMITTER VOLTAGE (V) 

FIGURE 1. NPN COLLECTOR CURRENT vs COLLECTOR TO 
EMITTER VOLTAGE 



In 10^1 100^1 1m 10m 100m 

COLLECTOR CURRENT (A) 

FIGURE 3. NPN DC CURRENT GAIN vs COLLECTOR CURRENT 



0.5 0.6 0.7 0.8 0.9 1.0 

BASE TO EMITTER VOLTAGE (V) 

FIGURE 2. NPN COLLECTOR CURRENT AND BASE CURRENT 
TO EMITTER VOLTAGE 



0.1 1.0 10 100 
COLLECTOR CURRENT (mA) 

FIGURE 4. NPN GAIN BANDWIDTH PRODUCT vs COLLECTOR 
CURRENT (UHF 3 x 50 WITH BOND PADS) 



COLLECTOR TO EMITTER VOLTAGE (V) 


FIGURE 5. PNP COLLECTOR CURRENT vs COLLECTOR TO 
EMITTER VOLTAGE 



BASE TO EMITTER VOLTAGE (V) 


FIGURE 6. PNP COLLECTOR CURRENT AND BASE CURRENT 
TO EMITTER VOLTAGE 
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DC CURRENT GAIN 


HFA3046, HFA3096, HFA3127, HFA3128 


Typical Performance Curves (Continued) 


160 
140 
120 
100 
80 
60 
40 
20 
0 

-Iji -10^1 -lOOp, -1m -10m -100m 

COLLECTOR CURRENT (A) 

FIGURE 7. PNP DC CURRENT GAIN vs COLLECTOR 
CURRENT 
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CA3089 FM IF System. 7-13 

CA3126 TV Chroma Processor. 7-20 
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SEMICONDUCTOR 


CA555, LM555 


March 1993 


Timers for Timing Delays and Osciliator Applications 
in Commerciai, Industrial and Military Equipment 


Features 

• Accurate Timing from Microseconds through Hours 

• Astable and Monostable Operation 

• Adjustable Duty Cycle 

• Output Capable of Sourcing or Sinking up to 200mA 

• Output Capable of Driving TTL Devices 

• Normally ON and OFF Outputs 

• High Temperature Stability. 0.005%/^C 

• Directly Interchangeable with SE555, NE555, MCI555, 
and MC1455 

Applications 

• Precision Timing • Pulse Generation 

• Sequential Timing • Puise Detector 

• Time Delay Generation • Puise Width and Position 
Modulation 


Ordering Information 


PART NO. 

CA0555E 
CA0555M 
CA0555M96 
CA0555T 
CA0555CE 
CA0555CM 
CA0555CM96 
CA0555CT 
LM555N 
LM555CN 
* Denotes Tape? 


Pinouts 


CA555, CA555C, LM555C (PDIP, SOIC) 
TOP VIEW 


TEMP. RANGE 

PACKAGE 

-55°C to +125°C 

8 Lead Plastic DIP 

-55°C to +125°C 

8 Lead SOIC 

-55°C to +125°C 

8 Lead SOIC* 

-55°C to +125°C 

8 Pin TO-5 Metal Can 

0°C to +70°C 

8 Lead Plastic DIP 

0°C to +70°C 

8 Lead SOIC 

0°C to +70°C 

8 Lead SOIC* 

0°C to +70°C 

8 Pin TO-5 Metal Can 

0°C to +70°C 

8 Lead Plastic DIP 

0°C to +70°C 

8 Lead Plastic DIP 


Description 

The CA555 and CA555C are highly stable timers for use in 
precision timing and oscillator applications. As timers, these 
monolithic integrated circuits are capable of producing accu¬ 
rate time delays for periods ranging from microseconds 
through hours. These devices are also useful for astable 
oscillator operation and can maintain an accurately con¬ 
trolled free running frequency and duty cycle with only two 
external resistors and one capacitor. 

The circuits of the CA555 and CA555C may be triggered by 
the falling edge of the waveform signal, and the output of 
these circuits can source or sink up to a 200mA current or 
drive TTL circuits. 

These types are direct replacements for industry types in 
packages with similar terminal arrangements e.g. SE555 
and NE555, MC1555 and MC1455, respectively. The CA555 
type circuits are intended for applications requiring premium 
electrical performance. The CA555C type circuits are 
intended for applications requiring less stringent electrical 
characteristics. 

Technical data on LM branded types Is Identical to the corre¬ 
sponding CA branded types. 



7J DISCHARGE 
il THRESHOLD 


^ CONTROL 
VOLTAGE 


TO-5 Style Package with Formed Leads 

CA555, CA555C, LM555C (METAL CAN) 
TOP VIEW 


m DISCHARGE 


C6J THRESHOLD 


m CONTROL 
VOLTAGE 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specificstlons CA555, CA555C, LM555 


Absolute Maximum Ratings 

DC Supply Voltage .18V 

Power Dissipation 

UptoTA = +55°C.eOOmW 


Operating Conditions 

Operating Temperature Range 

CA555.-55°Cto+125°C 

CA565C.0°Cto+70®C 


Above Ta = +55°C.Derate Linearly 5mW/°C Storage Temperature Range."65°C to +150°C 

Junction Temperature.+175®C 

Junction Temperature (Piastic Packages).+150°C 

Lead Temperature (Soidering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operatbnal sections of this specification is not implied. 


Electrical Specifications Ta =: +25°C. V+ = SV to ISV unless otherwise Specified 


PARAMETER 


DC Suppiy Voitage 


DC Suppiy Current (Low State), 
Note 1 


Threshold Voltage 


Trigger Voltage 


Trigger Current 


Threshold Current, Note 2 


Reset Voltage 


Reset Current 


Control Voltage Level 


Output Voltage 
Low State 


Output Voltage 
High State 


Timing Error (Monostable) 
Frequency Drift with Temperature 


Drift with Supply Voltage 


Output Rise Time 


Output Fall Time 


NOTES: 



MAX I UNITS 


16 


1. When the output is in a high state, the DC supply current is typically 1mA less than the low state value. 

2. The threshold current will determine the sum of the values of R^ and R 2 to be used in Figure 14 (astable operation); the maximum total 
R, + R 2 = 20MD. 
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CA555, CA555C, LM555 
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CA555. CA555C, LM555 


Typical Performance Curves 



0 0.1 0.2 0.3 0.4 

MINIMUM TRIGGER (PULSE) VOLTAGE (x V*)* 

* Where x is the decimal multiplier of the supply voltage 

FIGURE 9. PROPAGATION DELAY TIME vs TRIGGER VOLTAGE 


Typical Applications 

Reset Timer (Monostable Operation) 

Figure 10 shows the CA555 connected as a reset timer. In this 
mode of operation capacitor Cj Is initially held discharged by 
a transistor on the Integrated circuit. Upon closing the “start” 
switch, or applying a negative trigger pulse to terminal 2, the 
integral timer flip-flop is “sef and releases the short circuit 
across Cj which drives the output voltage “high” (relay ener¬ 
gized). The action allows the voltage across the capacitor to 
increase exponentially with the constant t = RiCy. \Nhen the 
voltage across the capacitor equals 2/3 V+, the comparator 
resets the flip-flop which in turn discharges the capacitor rap¬ 
idly and drives the output to its low state. 



Figure 11 shows the typical waveforms generated during this 
mode of operation, and Figure 12 gives the family of time 
delay curves with variations in and Cj. 


SWITCH S1 “OPEN” 

3V — . . ... . . — 

INPUT 

VOLTAGE (TERMINAL 2) 

^SWITCH si “CLOSED” 


3 3Y. 

CAPACITOR 

VOLTAGE (TERMINALS 6,7) 

0 mm t mm tv m mi wm 



OUTPUT 
VOLTAGE 
(TERMINAL 3) 


FIGURE 11. TYPICAL WAVEFORMS FOR RESET TIMER 


ALL RESISTANCE VALUES ARE IN Q 
FIGURE 10. RESET TIMER (MONOSTABLE OPERATION) 

Since the charge rate and threshold level of the comparator 
are both directly proportional to V+, the timing Interval is rel¬ 
atively independent of supply voltage variations. Typically, 
the timing varies only 0.05% for a IV change in V+. 

Applying a negative pulse simultaneously to the reset termi¬ 
nal (4) and the trigger terminal (2) during the timing cycle 
discharges Cj and causes the timing cycle to restart. 
Momentarily closing only the reset switch during the timing 
interval discharges Cj, but the timing cycle does not restart. 



0,001 '-■-' 

10 “* 10 -^ 10 *® 10 *® 10 *^ 1 10 

TIME DELAY(s) 

FIGURE 12. TIME DELAY vs RESISTANCE AND CAPACITANCE 
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CA555, CA555C, LM555 


Repeat Cycle Timer (Astable Operation) 

Figure 13 shows the CA555 connected as a repeat cycle 
timer. In this mode of operation, the total period is a function 
of both Ri and R 2 . 




Top Trace: Output voltage (2V/div. and 0.5ms/div.) 

Bottom Trace: Capacitor voltage (1 V/div. and 0.5ms/div.) 

FIGURE 14. TYPICAL WAVEFORMS FOR REPEAT CYCLE TIMER 


FIGURE 13. REPEAT CYCLE TIMER (ASTABLE OPERATION) 

T = 0.693 (R-j + 2 R 2 ) Cj = t-j +12 
where t^ = 0.693 (R^ + R 2 ) Cj 
and t 2 = 0.693 (R 2 ) Cj 
the duty cycle is: 


t^l+tg R^+2R2 

Typical waveforms generated during this mode of operation 
are shown in Figure 14. Figure 15 gives the family of curves 
of free running frequency with variations in the value of (R^ + 
2 R 2 ) and Cj. 



FREQUENCY (Hz) 

FIGURE 15. FREE RUNNING FREQUENCY OF REPEAT CYCLE 
TIMER WITH VARIATION IN CAPACITANCE AND 
RESISTANCE 








HARR'S CA1391, CA1394 

SEMICONDUCTOR m K m y m m a w 


March 1993 


TV Horizontal Processors 


Features 

• CA1391E - Positive Horizontai Sawtooth Input 

• CA1394E - Negative Horizontal Sawtooth Input 

• Internal Shunt Regulator 

• Linear Balanced Phase Detector 

• Preset Hold Control Capability 

• Pull-In.±300Hz(Typ.) 

• Low Thermal Frequency Drift 

• Small Static Phase Error 

• Variable Output Duty Cycle 

• Adjustable DC Loop Gain 


Description 


The Harris CA1391E and CA1394E are monolithic 
integrated circuits designed for use in the low-level 
horizontal section of monochrome or color television 
receivers. Functions include a phase detector, an oscillator, 
a regulator, and a pre-driver. 

The CA1391E and CA1394E are electrically equivalent and 
pin compatible with industry types 1391 and 1394 in similar 
packages. 


Ordering Information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA1391E 0®C to +85°C 8 Lead Plastic DIP 

CA1394E O^C to +85°C 8 Lead Plastic Dl P 


Pinout 


CA1391, CA1394 
(PDIP) 

TOP VIEW 



6J V+ 
PHASE 
S\ DETECT 
OUT 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA1391, CA1394 


Absolute Maximum Ratings = +25°c, Unless Operating Conditions 

Otherwise Specified 

DC Supply Current.40mA Operating Temperature Range 0°C to +85®C 

DC Output Voltage.40V Storage Temperature Range.-65®C to +150°C 

DC Output Current...30mA 

Sync Input Voltage.5Vp.p 

Sawtooth Input Voltage.5Vp.p 

Power Dissipation 

UptoTA = +25®C. 625mW 

Above Ta = +25°C.Derate Linearly 5mW/°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).-i-SOO^C 

CAUTION: Stresses above U)ose listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the qoerational sections of this specification is not implied. 


... (fCio +85®C 
.-65®Cto+150°C 


Electrical Specifications Ta +25°c (See Figure 2) 


PARAMETERS 


Supply Voltage 


Free Running Frequency 


Output Leakage 


Output Saturation 


Phase Detector Bias 


Phase Detector Leak 


Phase Detector Low 


Phase Detector High 


Phase Detector Balance 


Sync Diode 


Static Phase Error 


Oscillator Pull in Range 


Oscillator Hold In Range 


NOTE: 

1. Polarity reversed in the CA1391. 


TEST CONDITIONS 


S1,S5, S6 = 2 
S2, S3, S4, S7, S8 = 1 
Counter to Terminal 1 


S2, S3, S6, S8 = 1 
S1,S4, S5, S7 = 2 
Measure Terminal 1 to 25V 


S2, S3, S5, S6, S8 = 1 
S1,S4, S7 = 2 
Measure Terminal 1 to QND 


S2, S5, S6, S8 = 1 
SI, S3, S4, S7 = 2 
Measure Terminal 3 to GND 


S5, S8 = 1 

S1,S2, S3,S4, S6, S7 = 2 
Measure Terminal 5 to +4V 


S1,S5, S8 = 1 

S2, S3, S4, S6, S7 = 2 

Measure Terminal 5 to •)4V 


S1,S5, S6, S8 = 1 
S2, S3, S4,S7 = 2 
Measure Terminal 5 to -HtV 


S1,S2, S3, S4, S6, S7=1 
S5, S8 = 2 



S1,S5, S6 = 2 

8 

S2, S3, S4, S7, S8 = 1 


Measure Terminal 6 to GND 
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CA1391, CA1394 


Schematic Diagram 


osc. 

TIMING 

( 7 ) OSCILLATOR 


PHASE 

DETECTOR 


^R20 <R30 
MSK >1SK 


PHASE 

DET.OUT 


R25 

023^ 


1 7JSK 


1 f 

R26 

_ Ur 



[3) SYNC INPUT 


NOTE: All resistances are in Q 


Circuit Operation (See Schematic Diagram) 

The CA1391 and CA1394 contain the oscillator, phase 
detector, and predriver sections necessary for the television 
horizontal oscillator and AFC loop. 

The oscillator is an RC type with terminal 7 used to control the 
timing. If it is assumed that Q7 is initially off. then an external 
capacitor connected from terminal 7 to ground charges 
through an external resistance connected between terminals 
6 and 7. As soon as the voltage at terminal 7 exceeds the 
potential set at the base of Q8 by resistors R11 and R12, Q7 
turns on, and Q6 supplies base current to Q5 and Q10. Tran¬ 
sistor Q5 discharges the capacitor through R4 until the base 
bias of Q7 falls below that of Q8 at which time, Q7 turns off, 
and the cycle repeats. 

The sawtooth generated at the base of Q4 appears across R3 
and turns off Q3 whenever the sawtooth voltage rises to a value 
that exceeds the bias set at terminal 8. By adjusting the poten¬ 
tial at terminal 8, the duty cycle at the pre-drive output (terminal 
1) may be changed. The phase detector is Isolated from the 
remainder of the circuit by R31, 22, Q15 and Q16. The phase 
detector consists of the comparator Q22 and Q23, and the 
gated current source Q18. Negative going sync pulses at termi¬ 
nal 3 turn off Q17, and the current division between Q22 and 
Q23 is then determined by the phase relationship of the sync 
and the sawtooth waveform at terminal 4, which is derived from 
the horizontal flyback pulse, if there is no phase difference 
between the sync and sawtooth, equal currents flow in the col¬ 
lectors of Q22 and Q23 during each half of the sync pulse 


period. The current in Q22 is turned around by current mirror 
Q20 and Q21 so that there is no net output current at terminal 5 
for balanced conditions. When a phase offset occurs, current 
flows either In or out of terminal 5. In circuit applications, this 
terminal is connected to terminal 7 through an external low 
pass filter, thereby controlling the oscillator. 

Shunt regulation for the circuit Is obtained by using a Vbe 
and zener multiplier. Resistors R13 and R14 multiply the Vq^ 
of Q11, and the ratio of R15 and R16 multiplies the voltage 
of the zener diode Z1. 


TAa+25®C J 

FREE RUNNING FREQUENCY - 15734Hz 1 


1 

5.0 

§ 

4.5 

3 

S 

t 

4.0 

« 

s 

cc 

3.5 

UJ 

1 - 

3.0 

UJ 

§ 

2.5 

g 

2.0 


0 10 20 30 40 50 60 70 

POSITIVE PULSE WIDTH AT TERM. 1 ( 4 s) 

FIGURE 1. DUTYCYCLE AT THE PRE-DRIVE OUTPUT (TERM. 1) 
AS IT IS AFFECTED BY THE INPUT AT TERM. 8 
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CA3089 



Features 

• For FM IF Amplifier Appiications in High-Fideiity, Automotive, 
and Communications Receivers 

• Includes: IF Amplifier, Quadrature Detector, AF Preamplifier, 
and Specific Circuits for AGC, AFC, Muting (Squelch), and Hin- 
ing Meter 

• Exceptional Limiting Sensitivity.12^V (Typ.) 

at -3dB Point 

• Low Distortion:.(with Double-Tuned Coil) - 0.1% (Typ.) 

• Single-Coil Tuning Capability 

• High Recovered Audio.400mV (Typ.) 

• Provides Specific Signal for Control of Interchannel Muting 
(Squelch) 

• Provides Specific Signal for Direct Drive of a Tuning Meter 

• Provides Delayed AGC Voltage for RF Amplifier 

• Provides a Specific Circuit for Rexibie AFC 

• Internal Supply-Voltage Regulators 


Description 

Harris CA3089 is a monolithic integrated circuit that 
provides all the functions of a comprehensive FM-IF 
system. The block diagram shows the CA3089 fea¬ 
tures, which include a three-stage FM-IF amplifier/ lim¬ 
iter configuration with level detectors for each stage, a 
doubly-balanced quadrature FM detector and an audio 
amplifier that features the optional use of a muting 
(squelch) circuit. 

The advanced circuit design of the IF system includes 
desirable deluxe features such as delayed AGC for the 
RF tuner, and AFC drive circuit, and an output signal to 
drive a tuning meter and/or provide stereo switching 
togic. In addition, internal power supply regulators main¬ 
tain a nearly constant current drain over the voltage 
supply range of +8.5V to +16 V. 

The CA3089 is ideal for high-fidelity operation. Distor¬ 
tion in a CA3089 FM-IF System is primarily a function 
of the phase linearity characteristic of the outboard 
detector coil. 


Ordering Information 


PART NUMBER TEMPERATURE RANGE 


CA3089F 


Pinouts 


-40°C to +85°C 
-40®C to +85°C 
-40°C to +85®C 


CA3089 
(PDiP, CDIP) 
TOP VIEW 


16 Lead Plastic DIP 
16 Lead Ceramic DIP 
20 Lead SOIC 


CA3089 
(SOIC) 
TOP VIEW 


INPUT BYPASS [2. 
DC FB BYPASS [? 


FRAME GND [± 
MUTE CONTROL IT 


AUDIO OUT 16| 


15| DELAYED AGC 
^ SUBSTRATE (GND) 
m TUNING METER OUT 


[m mute logic 


10] REF BIAS 
T| QUADRATURE INPUT 


INPUT BYPASS [3 
DC FB BYPASS [T 


FRAME GND |_5 
MUTE CONTROL [T 


AUDIO OUT Ln 


DELAYED AGC 


^ SUBSTRATE (GND) 
iH TUNING METER OUT 


MUTE LOGIC 


13] REF BIAS 
H QUADRATURE INPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 7 
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Specifications CA3089 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage Operating Temperature Range.-40®C ^ ^ +85®C 

Between V+ and Frame GND.16V Storage Temperature Range.-65®C ^ T^ ^ +150®C 

Between V+ and Substrate GND. 16V 

DC Current (Out of Delayed AGC).2mA 

Power Dissipation 

UptoTA = +60°C. 600mW 

Above Xa = +60®C.Derate Linearly 6.7mW/°C 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed In “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any oti)er conditions above those indicated in the cperationai sections of this specificatbn is not implied. 


Electrical Specifications Ta = +25°C, V+ = 12V (See Figures 3 and 4) 


PARAMETERS (Note 2) 


STATIC (DC) CHARACTERISTICS 


Quiescent Circuit Current 


DC Voltages: 

Terminal 1 (IF Input) 


Terminal 2 (AC Return to Input) 


Terminal 3 (DC Bias to input) 


Terminal 6 (Audio Output) 


Terminal 10 (DC Reference) 


DYNAMIC CHARACTERISTICS 


Input Limiting Voltage (-3dB point), V, (lim) 


AM Rejection (Term. 6), AMR 


Recovered AF Voltage (Term. 6) Vq (AF) 


Total Harmonic Distortion, THD: (Note 1) 
Single Tuned (Term. 6) 


Double Tuned (Term. 6) 


Signal plus Noise to Noise Ratio (Term. 6) 


TEST CONDITIONS 




V|N * 0.1V, 

AM Mod. = 30% 


fo = 10.7MHz, 
fMOD = 400Hz, 

Deviation = ±75kHz 45 




1. THD characteristics are essentially a function of the phase characteristics of the network connected between terminals 8,9, and 10. 

2. Terminal numbers refer to 16 pin DIP. 
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CA3089 


Block Diagram 


QUADRATURE . 
INPUT 


TO INTERNAL 
REGULATORS 


I REFERENCE 
BIAS 


I QUADRATURE 
DETECTOR 



LEVEL 


LEVEL 


LEVEL 

t 

t 


LEVEL 

DETECTOR 


DETECTOR 


DETECTOR 

t 

* 


DETECTOR 


FRAME SUBSTRATE 


TUNIW3 


MUTE (SQUELCH) 

RA t It 

ciRcurr 


DRIVE CIRCUIT 



AUDIO I 
MUTE I 
(SQUELCH) 
CONTROL 
AMPL. 


MUTING 

SENSITIVITY 


METER 


. TO STEREO 

j ). - .- » —. — . - -O THRESHOLD 

TUNING METER OUTPUT CIRCUITS 


All resistance values are in 
*L Tunes with 100pF (C) at 10.7MHz 
Qp = 75 (G.l. EX22741 or equivalent) 
Pin numbers refer to 16 pin DIP 


7-15 


SPECIAL ANALOG 
CIRCUITS 
















CA3089 



7-16 










CA3089 



7-17 


SPECIAL ANALOG 
CIRCUITS 










CA3089 



CHANGE IN FREQUENCY (kHz) INPUT SIGNAL ()iV) 

FIGURE 1. AFC CHARACTERISTICS (CURRENT AT TERM. 7) FIGURE 2. MUTING ACTION, TUNER AGC, AND TUNING 

AS A FUNCTION OF CHANGE IN FREQUENCY. METER OUTPUT AS A FUNCTION OF INPUT SIG- 

(SEE TEST CIRCUIT FIGURE 3.) NAL VOLTAGE. (SEE TEST CIRCUIT FIGURE 3.) 



All resistance values are in O Ail resistance values are in O 

* L ^nes with 10OpF (C) at 10.7MHz * j pR, . (unloaded) = 75 (tunes with 10OpF (C,) 20t of 34e on 

Qo vunloaded) = 75 (G.l. Automatic Mfg. Div. EX2274i or equivalent) 

SEC. - Q> (unloaded) s. 75 (tunes with 1 (X)pF (C 2 ) 20T of 34e on 
^ 732 " dia. form) 

kQ (percent of critical coupling) = 70% 

(Adjusted for coll voltage Vq) = 150mV 
Above values permit proper operation of mute (squelch) circuit “E” 
type slugs, spacing 4mm. 

FIGURE 3. TEST CIRCUIT FOR CA3089E USING A SINGLE- FIGURE 4. TEST CIRCUIT FOR CA3089E USING A DOUBLE- 
TUNED DETECTOR COIL. TUNED DETECTOR COIL. 
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SEMSCONDUCTOR 


CA3126 


March 1993 


TV Chroma Processor 


Features 

• Phase Locked Subcarrier Regeneration Utilizes 
Sample-and-Hold Techniques 

• Automatic Chrominance Control (ACCyKilier Detector 
Employs Sampie-and-Hold Techniques 

• Supplementary ACC with an Overload Detector to 
Prevent Oversaturation of this Picture Tube 

• Sinusoidal Subcarrier Output 

• Keyed Chroma Output 

• Emitter Follower Buffered Outputs for Low Output 
Impedance 

• Linear DC Saturation Control 

Applications 

• TV/CATV Receiver Circuits 

• NTSC Color Decoder/Processor 

• Computer Graphics Subcarrier Regenerator 

• Timing Reference for Frame Grabbers 

• DSP Clock Timing Reference Source 


Description 

The Harris CA3126 is a monolithic silicon integrated circuit 
designed for TV chroma processing and is ideally suited for 
NTSC color graphic applications that require subcarrier 
regeneration of the color burst signal. 


Ordering Information 


PART NUMBER 


CA3126Q 


TEMPERATURE 

RANGE PACKAGE 

-40®C to +85®C 16 Lead Plastic DIP 

"40°C to +86°C 16 Lead Quad-ln-Llne 

Plastic DIP 

-40°C to +85®C 20 Lead SOIC 


Pinouts 


CA3126 

(PDIP, QUAD FLATPACK) 
TOP VIEW 


CA3126 
(SOiC) 
TOP VIEW 


CHROMA IN 


AFPC RLTER * 


AFPC FILTER - 


RF BYPASS 


CARRIER OUT 



16 CHROMA GAIN CONT. 


15 CHROMA OUT 


14 ZENER REF 


113 OVERLOAD DET. 


9 HORIZ. KEY IN 


CHROMA IN |j^ 
AFPC RLTER + fT 


AFPC RLTER - [T 
RF BYPASS [T 
GROUND jT 
VCO OUT [T 
VCO IN IT 


20 CHROMA GAIN CONT. 


19 CHROMA OUT 


1^ ZENER REF 
iiel OVERLOAD DET. 


|12| HORIZ. KEY IN 


11 CARRIER OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should folbw proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 .. 
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Specifications CA3126 


Absolute Maximum Ratings Oa = + 25 °C) Operating Conditions 

Power Dissipation Operating Temperature Range.-40®C to +85°C 

Up to = +55°C... 750mW Storage Temperature Range.-65°C to +150®C 

Above T;^ = -55°C.Derate Linearly 7.9mW/°C 

DC Supply Voltage (V+ to GND)*. 13.2V 

DC Current: 

Into V+Pin. 38mA 

Into Zener Reference Pin. 20mA 

DC Voltage (Horizontal Key In) 

Negative Rating.-5V 

Positive Rating...,.3V 

Junction Temperature (Plastic Packages). +150°C 

Lead Temperature (Soldering 10 Sec.).-t-300^C 

* This rating does not apply when using the internal zener reference 
in conjunction with an external pass transistor. 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operatbn 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Ta = +25°C, chroma control at maximum position for ail characteristics tests except for chroma output 
test. For this test, control should be set at minimum position. Electrical characteristics referenced to test 
circuit, Figure 1. 


PARAMETERS 


TERMINAL, 
MEASUREMENT 
AND SYMBOL 


SWITCH POS. 


DC ELECTRICAL SPECIFICATIONS 


Voltage Regulator 


Supply Current 


SWITCHING ELECTRICAL SPECIFICATIONS (Note 1) 


Pull-In Range (Note 2) 



Oscillator Output 


100% Chroma Output 


Overload Detector 


140 %of 

- 100 % 

105 reading 


1. Except for pull-in range testing, tune oscillator trimmer capacitor for free running frequency of 3.579545MHz ±10Hz. 

2. Set Switch 1 to Position 2, detune oscillator ±250Hz, set Switch 1 to Position 1, and check for oscillator pull-in. 
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Block Diagram 


TV CHROMA PROCESSOR 


RF p— 
BYPASS 
0.01 


AFPC 
FILTER 
I 2kfl 


“XO-OlnF 
T CRYSTAL 

FILTER 20pF 


lD.C. CONTR.I 
I BALANCED I VCO 
L^ SHIFTER I 


CARRIER 

OUTPUT 

J SUPPLY 

VOLTAGE 
t^24V 

0.01|aF i 


TO 

TERM. 12 


I MANUAL ^ 
CHROMA GAIN 
CONTROL ^ 


INTERN. 

REF. 

- 

OVERLOAD 

DETECTOR 




ATTENU¬ 

ATOR 

H 

SECOND 

CHROMA 

AMPL 


BIAS 

J 1 L_ 

KILLER 

CONTROL 

"LT 

AMPL. 


XO.05 i 

qp HF X 0.01* 

= T\»^ CHROMA 

^ OUTPUT 

-Oa--0 


SUBSTRATE I 

Sh 


BALANCE- 

UNBALANCE 

TRANSLATOR 


-TLov 

-V\Ar—O 

WIDTH 
HORIZONTAL 
KEY INPUT 


■=“ FILTER ■=“ 


* Cptiona! design features 

Pinout numbers refer to CA3126E & CA3126Q 
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Schematic Diagram (Continued) 

AFPC FILTER 


CARRIER 

OUTPUT 








5 

BALANCED 

PHASE SHIFTER 


BIAS SAMPLE 1 

AND HOLD : 

LIMITER AMPLIFIER 


: 



- 1 




^57 


Q56l-«~l Q15j 

ouLj 


0171 018 


R28 

R28 



R3o| 

► R3 

430 i 

» 4K 


R364 

OSCILLATOR I 


: BALANCE - UNBALANCE 
: TRANSLATOR 


BIAS SAMPLE 
AND HOLD 


^R61 ^R68 

t2MK\ ^i.5K 

M—fl074 Li 

J 

r038 <5K <1^K 



VOLTAGE REFERENCES 


_ POWER 
SUPPLY 


HORIZONTAL 
KEYING INPUT 
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Test Circuit 


10 ka< <2700 


0 . 05 ^F 


I OSaLLOSCOPE I 


l 0 . 02 ^F I 0 . 02 ^F 


C16) (15) (14) (13) (12) (11) (10) (9) 


T a01 Jo.01^FJo.01 mF ^ 10pF X 20pF Jt 33pFJ 

7 k 7k S NPO TN 7507 r N 750 n 


i J1 i ± / 


SUB- I— 

CARRIER 

OUTPUT 


chromaT ■===• 

INPUT * <- 

SIGNAL 


” " XTAL 

3.579545MHz 


BURST 


KEY 

PULSE 

VARIABLE I 

TEST SIGNAL 

I SYNC. I 

PULSE 

ATTENUATOR | 

GENERATOR 

I i 

GENERATOR 


Pin numbers refer to C A3126E and CA3126Q 

(a) Chroma input signal 

(b) Key pulse input signal 


IRST I Li. 

Jt 

—j 


3.579545MHz 


^} V CHROMA 
To.46 VchroMA 

L 

1.0Vp6*k(MIN) 


5ps CENTERED ON BURST 


Circuit Description (pin numbers refer to E and Q packages) 


The following paragraphs briefly describe the circuit opera¬ 
tion of the CA3126 (shown In the Block Diagram and Sche¬ 
matic Diagram). A detaiied description of the operation of 
various portions of the CA3126 is given in ICAN-6247, 
“Application of the CA3126 Chroma-Processing IC Using 
Sample-and-Hold Techniques”. 

The chroma input Is applied to Terminal 1 through the 
desired band-shaping network. A 2,450^ resistor should be 
placed in series with Terminal 1 to minimize oscillator pickup 
in the first chroma amplifier. This amplifier supplies signals to 
the second chroma amplifier and to the ACC and AFPC 
detectors. The first chroma amplifier is gain-controlled by the 
ACC amplifier. 


A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator 
circuit. The subcarrier burst Is sampled during the keying 
interval in the AFPC detector. The error voltage, produced at 
Terminal 2 and proportional to the burst phase, is compared 
to the quiescent bias voltage at Terminal 3 by the sample- 
and-hold circuitry. This “compared” voltage controls the 
phase- shifting network in the phase-locked loop. The opera¬ 
tion of the AFPC loop is Independent of any external adjust¬ 
ments or voltages except for an initial capacitor adjustment 
to set the free-running frequency. 

The regenerated oscillator signal at Terminal 8 is applied 
Internally to the AFPC and ACC detectors through +45 and 
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>45-degree phase-shifter networks to establish the proper 
phase relationship for these detectors. The ACC detector, 
which also samples the burst during the keying interval, pro¬ 
duces a correction voltage proportional to the burst ampli¬ 
tude. The correction voltage is compared to the quiescent 
bias level using sampie-and-hoid circuitry similar to that 
used in the AFPC portion of the circuit. The “compared” volt¬ 
age is applied internally to the ACC amplifier and killer 
amplifier. Because the amplifier gains and killer threshold 
are determined by the ratios of the internal resistors, these 
functions are independent of external voltages or controls. 

The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst is removed by keyer action. The 
killer amplifier, the chroma gain control, and the overload 
detector control the action of the second chroma amplifier, 
whose gain is proportional to the dc voltage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of 
the chroma output (Terminal 15) and detects the peak of the 
signal. The detected voltage is stored in an external capaci¬ 
tor connected to Terminal 16. This stored voltage on Termi¬ 
nal 16 affects the gain of the second chroma in the same 
manner as the chroma gain control. 

Applications Information 

General Considerations 

The block diagram shown is typical of the type of circuit used 
in the practical application of the CA3126. Several items are 
critical for proper operation of the circuit. 

1. A series resistor of approximately 2,450i2 (or high source 
impedance) must be used at the chroma input, Terminal 
1. This high impedance minimizes pickup of unbalanced 
currents, particularly of the subcarrier oscillator signal. 

2. When the overload detector is used, a large resistor 
(nominally 47,000i2) must be placed In series with Termi¬ 
nal 16 to set the required RC time constant. The same 
RC network series serves to set the killer time constant. 

3. The setting of the free-running oscillator frequency 
requires the presence of the keying pulse. The free-run¬ 
ning frequency will be erroneous If Terminal 1 is dc 
shorted during the setting operation because of the dc 
offset voltage introduced to the AFPC detector. 

4. Care must be taken in PC board designs to provide reason¬ 
able isolation between the oscillator portion of the circuit 
(Terminals 6,7, and 8) and the chroma input (Terminal 1). 

Overload Detector 

The overload detector accomplishes two purposes: 

1. It prevents oversaturation due to low burst-to-chroma ratios. 

2. it prevents overload conditions due to noise. 

Both of these conditions are discussed in more detail in 
ICAN-6247. The extent to which the overload detector is 
used depends upon the individual receiver design goals, if 
greater than 0.5V peak-to-peak output Is desired, the 
chroma output at Terminal 15 can be tapped to yield any 
desired degree of overload detector action. 


Chroma Gain Control 

The chroma gain control operates by varying the base bias 
on current source transistor Q25. To ensure proper tempera¬ 
ture tracking of the chroma gain control, it is essential that 
the control be operated from a supply source derived from 
the reference voltage at Terminal 12. Because the control 
operates from a current source, chroma gain is much more 
predictable and far less temperature sensitive than controls 
that steer current by means of a differential amplifier. The 
typical chroma gain characteristic for the CA3126 is shown 
in Figure 2. 



0 20 40 60 so 100 120 140 


VOLTAGE AT TERMINAL 16 (% OF V 12 ) 

FIGURE 2. CHROMA GAIN CONTROL 
Subcarrier Regenerator Oscillator 

The oscillator filter consists of a 3.579545MHz crystal, a 
6800 resistor, and a lOpF capacitor connected in series 
across Terminals 6 and 7. A 33pF capacitor, shunt con¬ 
nected from Terminal 7 to ground, rolls off higher order har¬ 
monics, thereby preventing oscillation at the crystal third- 
harmonic frequency. A curve of the typical static phase error 
as a function of the free-running oscillator frequency is 
shown in Figure 3. It should be noted that the slope of the 
curve determines the dc gain of the phase-locked loop, i.e., 
40Hz per degree. 



-300 -200 -100 0 100 200 300 400 

OSCILLATOR FREE-RUNNING FREQUENCY 
(DEVIATION IN Hz FROM 3.579545MHz) 

FIGURE 3. STATIC PHASE ERROR 
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Thermal Considerations 


The circuit of the CA3126 is thermally compensated to 
achieve the optimal operating characteristics over the nor¬ 
mal operating temperature range of TV receivers. Figures 4 
and 5 show the oscillator and chroma-output amplitudes and 
phases as a function of temperature (Terminals 8 and 15). 
respectively. 


Both the oscillator and chroma-output amplitudes and 
phases are measured relative to the chroma-input phase. 
The performance of the oscillator free-running frequency as 
a function of temperature is shown in Figure 6. Ail the tem¬ 
perature plots are characteristic of the test circuit with the 
indicated component types and values given in Figure 1. 



j 


FIGURE 4. AMPLITUDE AND PHASE VARIATIONS OF 
OSCILLATOR OUTPUT vs TEMPERATURE 



AMBIENT TEMPERATURE C*C) 


FIGURE 5. AMPLITUDE AND PHASE VARIATIONS OF 
CHROMA OUTPUT vs TEMPERATURE 



AMBIENT TEMPERATURE C*C) 

FIGURE 6. VARIATION OF OSCILLATOR FREE RUNNING 
FREQUENCY vs TEMPERATURE 


7-27 


CHROMA OUTPUT PHASE 
(DEGREE OF DEVIATION FROM VALUE) 






CA3126 



NOTE: For Subcarrier Regenerator, the second chroma 
amp is not used; Pins 13,14 & 15 are not connected and pin 
16 is grounded. 


FIGURE 7. TYPICAL APPLICATION OF THE CA3126 AS A SUBCARRIER REGENERATOR 
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Features 

• Includes IF Amplifier, Quadrature Detector, AF Pream¬ 
plifier, and Specific Circuits for AGC, AFC, Tuning 
Meter, Deviation-Noise Muting, and ON Channel 
Detector 

• FM IF Amplifier Applications in High-Fidelity, Automo¬ 
tive, and Communications Receivers 

• Exceptional Limiting Sensitivity -12^V (Typ.) at -3dB 
Point 

• Low Distortion -0.1% (Typ.) (with Double-Tuned Coil) 

• Single-Coil Tuning Capability 

• Improved S + N/N Ratio 

• Externally Programmable Recovered Audio Level 

• Provides Specific Signal for Control of Interchannel 
Muting (Squelch) 

• Provides Specific Signal for Direct Drive of a Ibning 
Meter 

• On Channel Step for Search Control 

• Provides Programmable AGC Voltage for RF Amplifier 

• Provides a Specific Circuit for Flexible Audio Output 

• Internal Supply Voltage Regulators 

• Externally Programmable “On” Channel Step Width, 
and Deviation at Which Muting Occurs 


Pinout 


Description 

The Harris CA3189E* is a monolithic Integrated circuit that 
provides all the functions of a comprehensive FM-IF system. 
The block diagram of the CA3189E Includes a three-stage 
FM-IF ampllfier/llmiter configuration with level detectors for 
each stage, a doubly-balanced quadrature FM detector and 
an audio amplifier that features the optional use of a muting 
(squelch) circuit. 

The advanced circuit design of the IF system includes desir¬ 
able deluxe features such as programmable delayed AGC 
for the RF tuner, an AFC drive circuit, and an output signal to 
drive a tuning meter and/or provide stereo switching logic. In 
addition, internal power-supply regulators maintain a nearly 
constant current drain over the voltage supply range of 
+8.5V to +16V. 

The CA3189E is ideal for high-fidelity operation. Distortion in 
a CA3189E FM-IF System is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 
The CA3189E has all the features of the CA3089E plus addi¬ 
tions. See CA3189E features compared to the CA3089E In 
Table 1. 

*Formerly Developmental Type No. TA10038. 


Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE PACKAGE 

-40°C to +85°C 16 Lead Plastic DIP 


CAd189 
(PDIP) 
TOP VIEW 


DELAYED AGC 


MUTE CONTROL \± 
AUDIO OUT r? 


14| SUBSTRATE (GND) 

^ TUNING 
^ METER OUT 
lU MUTE LOGIC 


m QUADRATURE 
1-^ INPUT 


CAUTION: These devices are sensitive to eiectrostatic discharge. Users shoukJ follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications CA3189 


Absolute Maximum Ratings = + 25 °c 

DC Supply Voltage 


Operating Conditions 

Operating Temperature Range.-40°C to +85®C 


(Between Terminals 11 and 4).16V Storage Temperature Range.-65°C to +150°C 

(Between Terminals 11 and 14).16V 

DC Current (Out of Terminal 15).2mA 

Power Dissipation: 

UptoTA = +85°C. 640mW 

Above Ta = +86°C.Derate Linearly at 9.9mW/°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed In '"Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectricai Specifications 


PARAMETERS 


STATIC (DC) SPECIFICATIONS 


Quiescent Circuit Current 


DC Voltages 
Terminal 1 (IF Input) 


Terminal 2 (AC Return to Input) 


Terminal 3 (DC Bias to Input) 


Terminal 15 (RF AGC) 


Terminal 10 (DC Reference) 


DYNAMIC SPECIFICATIONS 


Input Limiting Voltage (-3dB Point) 


AM Rejection (Terminal 6) 


Recovered AF Voltage (Terminal 6) 


Total Harmonic Distortion (Note 1) 
Single Tuned (Terminal 6) 


Double Tuned (Terminal 6) 


Single Plus Noise to Noise Ratio 
(Terminal 6) 


Deviation Mute Frequency 


RF AGC Threshold 


On Channel Step 


Ta = +25°C. V+=12V 



1. THD characteristics are essentially a function of the phase characteristics of the network connected between terminals 8,9, and 10. 


TABLE 1. CA3189E FEATURES COMPARED TO CA3089E 


Low Limiting Sensitivity (12pV Typ.) 


Low Distortion 


Single-Coil Tuning Capability 


Programmable Audio Level 


Deviation Mute 



7-30 






























































































































Specifications CA3189 


TABLE 1. CA3189E FEATURES COMPARED TO CA3089E (Continued) 


FEATURES 

CA3189E 

CA3089E 

Flexible AFC 

Yes 

Yes 

Programmable AGC Threshold and Voltage 

Yes 

No 

Typical S + N/N > 70 dB 

Yes 

No 

Meter Drive Voltage Depressed at Very Low Signal Levels 

Yes 

No 

On-Channel Step Control Voltage 

Yes 

No 


Block Diagram 


DELAYED 
AGCFOR 
RF AMPL 


QUADRATURE _ 
INPUT 


TO INTERNAL 
REGULATORS 


REFERENCE 

.BIAS 


CA3189E 
rip AMPUFliR* 


J 18 T|F L 

. 2^0 IF _ 

. 3«0|F 

|1 

0 

1 AMPL. p 

AMPL. 

AMPL. 

Tl 

f 

' i ' 


1 1 11:1 “TECTon 1 1 

DEVI- 




ATION 

LEVEL 

LEVEL LEVEL S * LEVEL 

__ J 

MUTE 

DETECTOR 

DETECTOR DETECTOR ' i DETECTOR 

M i 

LOGIC 


I QUADRATURE I 
DETECTOR 1 


AUDIO 

MUTE 

(SQUELCH)- 

CONTROL 

AMPL 


DELAYED I 
RFAGC I 


FRAME SUBSTRATE 


I MUTE (SQUELCH) I 
DRIVE CIRCUIT 


± TO STEREO 

-►■■■■■ . . . . O THRESHOLD 

I TUNING METER OUTPUT LOGIC CIRCUITS 


MUTING 
SENSITIVITY 
- 470 I 


J 0.33itF7p 

U 

ON CHANNEL 
INDICATOR 


All resistance values are in Q 

* L Tunes with 100pF (C) at 10.7MHz 

Qo s 75 (TOKO No. KACS K586HM or equivalent) 
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Test Circuits 



All resistance values are in Q 

* L tunes with lOOpF (C) at 10.7MHz 

Qo (unloaded) s 75 (TOKO No. KACS K586HM or equivalent) 

** C = 0.01 pF for 50ps deemphasls (Europe) 

= 0.015pF for 75ps deemphasis (USA) 


FIGURE 1. TEST CIRCUIT FOR CA3189E USING A SINGLE- 
TUNED DETECTOR COIL 



Ail resistance values are in O 

* T: PRI. - Qo (unloaded) s 75 (tunes with lOOpF (Ci) 20t of 34o on 
^32" dia- form 

SEC. - Qo (unloaded) s 75 (tunes with 10OpF (Cg) 20t of 34e on 
^/ 32 " dia. form 

kQ (percent of critical coupling) = 70% 

(Adjusted for coll voltage >/<;) = 150mV 
Above values permit proper operation of mute (squelch) circuit '‘E” 
type slugs, spacing 4mm. 

** C = 0.01 pF for 50|xs deemphasls (Europe) 

= 0.015pF for 75ps deemphasis (USA) 

FIGURE 2. TEST CIRCUIT FOR CA3189E USING A DOUBLE- 
TUNED DETECTOR COIL 


Typical Performance Curves 



INPUT SIGNAL (pV) CHANGE IN FREQUENCY (kHz) 


FIGURE 3. MUTING ACTION, TUNER AGC, AND TUNING FIGURE4. AFC CHARACTERISTICS (CURRENT ATTERMINAL 

METER OUTPUT AS A FUNCTION OF INPUT SIG- 7 AS A FUNCTION OF CHANGE IN FREQUENCY) 

NAL VOLTAGE 






















DEVIATION MUTE THRESHOLD (kHz) 


CA3189 




FROM InF 
TUNER 


y L.r 


VLV 



2.2K^ 

: 47o|: 

1_ 

JlOnF 


All resistance values are in a 

CF: Ceramic filters, TOKO CSFE or equivalent 

* L tunes with lOOpF (C) at 10.7MHz 

Qo (unloaded) = 76 (TOKO No. KACS K586HM or equivalent) 


470 S S47K\ 


lOnF lOnF 


e33K <10K 47K^ 


2nFl3.9nF 


J ^ 

^ TUNING 


FIGURE 7. COMPLETE FM IF SYSTEM FOR HIGH QUALITY RECEIVERS 


7-35 


SPECIAL ANALOG 
CIRCUITS 
















3B 


SEMICONDUCTOR 


CA3194 


March 1993 


Single Chip PAL 
Luminance/Chroma Processor 


Features 

• All PAL Luminance and Chrominance Process¬ 
ing Circuitry on a Singie Chip in a 24-Lead 
Piastic Package 

• Phase-Locked Subcarrier Regeneration Utiiiz- 
ing Sampie-and-Hoid 

• DC Controis for Brightness, Contrast, and Coior 
Saturation Functions 

• Input for Average Beam-Current Limiting 

• Contrast Control Having Exceiient Tracking of 
Luma and Chroma Channeis 

• Low-Impedance RGB Outputs with Excellent 
Tracking for Direct Coupling to Video Driver 
Circuitry 


Description 

The Harris CA3194E* is a silicon monolithic integrated circuit 
designed to perform all of the signal processing functions for both 
the chroma and luminance signals of PAL color television receivers. 

This circuit performs all the functions needed between the video 
detector and the video RGB output stages. DC contrast, bright¬ 
ness. and saturation controis and average beam limiting functions 
are included. The RGB buffer stages are capable of delivering 
5mA of current into the video output stages. 

* Formerly Dev. No. TA10313. 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

CA3194E 

-40®C to +85°C 

24 Lead Plastic DIP 


Pinout 


CA3194 
(PDIP) 
TOP VIEW 


gnd[T 

CHROMA OUT [2 
SAT. CONTR. [? 

CHROMA INPUT 
ACC RLTER |T 
ACC RLTER |T 
APC RLTER [7 
APC RLTER [7 
90® INPUT [9 
0® INPUT [10 
Vco OUTPUT Ei 

VccEl 



AVER. BEAM 
INFO 

BRIGHTNESS 
CONTROL 

@ PICTURE CONTROL 
LOW PASS 
. RLTER 
^ LUMA INPUT 

S PEAK BEAM 
LEVEL 

iil R OUTPUT 
i3 G OUTPUT 
iil B OUTPUT 

iilvR.Y input 
iil Vb.y input 
iH SANDCASTLE 


TERMINAL VOLTAGE AND CURRENT RATINGS 


TERMINAL 

VOLTAGE* -V 

CURRENT-mA | 

MIN 

MAX 

l|N 

k)UT 

1 

- 

- 

- 

- 

2 

0 

13 

0 

30 

3 

0 

8 

10 

- 

4 

0 

5 


- 

5 

0 

Note 


- 

6 

- 

- 

0.1 

0.5 

7 

0 

Note 


- 

8 

0 

Note 


- 

9 

0 

8 


- 

10 

0 

8 


0.7 

11 

0 

13 


10 

12 

0 

13 


- 

13 

0 

12 


- 

14 

0 

5 


1.5 

16 

0 

5 


1.5 

16 

0 

13 


10 

17 

0 

13 


10 

18 

0 

13 


10 

19 

0 

Note 



20 

0 

5 



21 

0 

Note 



22 

0 

8 



23 

0 

5 



24 

0 

12 




NOTE: The maximum should not exceed the Vcc voltage. Voltage with respect 


to Terminal 1 for Vcc (Terminal 12) of 12V ±10%. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pUg ^ 270.2 

Copyright © Harris Corporation 1993 _ «« 







Specifications CA3194 


Absolute Maximum Ratings 


Operating Conditions 

Operating Temperature Range . 


Supply Voltage and Current Operating Temperature Range.*40°C to +85°C 

Pin 12 Voltage Range.11V (Min) to 13V (Max) Storage Temperature Range.-65°C to +150°C 

Pin 12 Current Range.44mA (Typ) to 60mA (Max) Thermal Package Characteristics (°C/W) 

Power Dissipation Plastic DIP Package 115 

UptoTA = +25°C. 825mW 

Above Ta = +25°C.Derate Linearly 8.7mW/®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Ta = +25°C. Vcc = 1 2V, Vs = 2.85V, Vc = 2.85V, Vab = Vpg = Vcc, Vg adjusted for V18 = 6.3V, Cx adjusted 
for Fqsc = 4.43361875MHz, Sandcastle: Vbq = 8.0V, Vblank = 3-5V - Burst Gate centered on Burst. 
These conditions exist except as otherwise noted. See Figure 19 for test circuit. 


PARAMETERS 


LUMINANCE SECTION 


Input Impedance (Terminal 20) 


Luminance Channel Input Voltage 


Bandwidth of Luminance Channel 


Brightness Control Range (Terminal 23) 


Output Black Level 


Contrast Control Range (Terminal 22) 


Luminance Gain Control Range 


RGB Output Swing 


CHROMINANCE SECTION 


Input Impedance (Terminal 4) 


Chroma Channel Input Voltage 


ACC Range 


Input Burst Level for Kill (Note 1) 


Contrast Control Chroma/Luma Tracking 


Saturation Control Range (Terminal 3) 


TEST CONDITIONS 


See Figures 7 and 8. 


Adjust chroma input Pin 4 until Pin 2 < 25mVp.p. 
Measure Burst level at Pin 4 


Chroma Input: Burst = 100mVp.p, Chroma = 220mVp.p. 
Luminance Input: 0.35Vp.p, Vs adjusted for Chroma at 
Pin 18 = 2Vp.p. Vc is adjusted for luminance at Pin 18 = 2Vp.p, 
Vq is again adjusted for luminance of +6 and -9dB. 

Then read chroma percentage difference. See Figure 9 


For control characteristic, see Figure 10. 


TYPICAL 

VALUE 



Luma Input Signal = 30% Sync. 


Luma Input Signal: 0.5Vp.p (30% Sync) modulated CW 
Adj. modulation frequency for -3dB at color outputs. 


For Control Characteristics, See Figures 1 and 2. 


Luma Input Signal: 0.5Vp.p (30% Sync) 

Vb OV - 5V,Measured at Pin 18 black level. 
See Figures 1 and 2. 


Luminance Input: 0.5Vp.p (30% Sync), for Control Characteristics. 
See Rgure 3 


Luminance Input: 0.5Vp.p (30% Sync), Vc = 0.5V - 5V measure 
Pin 18 black level to maximum white level. See Figure 4. 


Luminance Input: 0.5Vp.p (30% Sync), Vc = 5V, read black 
level to peak white. See Figures 5 and 6. 



+6 - (- 20 ) 
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Specifications CA3194 


Electrical Specifications T*= +25®c, Voc =12V, Vs » 2.85v, Vc =2.85V, v^b =VpB=Voc, Vb adjusted for vi8 = 6.3V, Cx adjusted 
for Fqsc = 4.43361875MHz, Sandcastle: VgQ = 8.0V, = 3.5V - Burst Gate centered on Burst. 

These conditions exist except as otherwise noted. See Figure 19 for test circuit. (Continued) 


PARAMETERS 

TEST CONDITIONS 

TYPICAL 

VALUE 

UNITS 

Saturation Control Range (Terminal 3) 

For control characteristic, see Figure 10. 

0-5 

Voc 

Maximum Chroma Output Voltage (Terminal 2) 

Chroma Input: Burst = 100mVp.p, Chroma = 220mVp.p. 

Adjust Vq and Vg for maximum Pin 2 output. 

2.5 

Vp.p 


OSCILLATOR SECTION 


Pull-In Range 


Static Phase Error 


DEMODULATOR SECTION 


R-Y Demodulator Conversion Gain 


B-Y Demodulator Conversion Gain 


G-Y/B-Y Matrix Ratio 


G-Y/R-Y Matrix Ratio 


Chroma Input: Burst = 100mVp.p, Chroma = 220mVp.p. 
Adjust Cx for HI/LO fosc without Chroma signal. 

Apply signal to lock. 


Chroma Input: Burst =100mV, Chroma = 22OmVp.p,V0. 
Adjust Vc for V18 = IV. Read V15. Calculate V18A/15. 


Chroma Input: Burst = 100mVp.p, U0. Read V16 and V14. 
Calculate V16A/14. Mq remains as for R-Y gain. 


Chroma Input: Burst =100mVp.p, Chroma = 220mVp.p, U0 
read V17 and V16, Calculate V17/V16. Vc remains as above. 


Chroma Input: Burst =100mVp.p, Chroma = 220mVp.p, V0. 
Read V17 and VI8. Calculate VI 7/VI 8. Vc remains as above. 


Sub-Carrier and Harmonic Content at Outputs No Chroma or Luma input. Read residual carrier at outputs. 


SANDCASTLE PULSE 


Horizontal and Vertical Blanking Pedestal 


Burst Gate Pulse 



±500 

Hz 

2 

Degy 

100Hz 


10 

Ratio 

18 

Ratio 

0.2 

Ratio 

0.5 

Ratio 

30 

mVp.p 


2-5 

V 

6.5-Vec 

V 


1. If a different value is desired, see the Threshold Adjustment Circuit of Figure 17. 

2. Use of the circuit of Figure 18 is suggested to prevent increased color saturation at low level RF signals. 

3. The reference voltage can be adjusted by changing the values of the voltage divider. 


Circuit Description (See Block Diagram and Figure 20) 

The chroma signal is externally separated from the video 
signal by means of a bandpass or high-pass filter and 
applied to pin 4. The burst is separated in the first chroma 
stage and applied to the synchronous detector which pro¬ 
vides information to samp!e-and-ho!d circuits for ARC 
(phase-locked loop), ACC (automatic chroma gain control) 
and identification and killing. The 4.43-MH2 crystal oscillator 
is phase-locked to the burst and provides 0® and 90° (via an 
external phase shifter) carriers to the chroma demodulators. 
The burst and chroma amplitude at the output of the first 
chroma amplifier is kept constant by the automatic gain con¬ 
trol. 

The second chroma stage provides saturation control (pin 3) 
which tracks the contrast control in the luminance channel. 
This stage Is also used for color killing. 


A buffer stage drives the external PAL delay line. The sepa¬ 
rated U and V signals are applied to pins 14 and 15, respec¬ 
tively, and demodulated. A standard G-Y matrix is included 
on the chip. 

The luminance signal passes through the subcarrier trap 
and through the luminance delay line and enters the chip at 
pin 20. Contrast and brightness control is provided before 
the luminance signal is combined with the color difference 
signals in the Y matrix. Average and peak beam limiting cir¬ 
cuits are controlled from pins 24 and 19. 
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ACC HLTER 

Q 


ACC RLTER 


APC RLTER 

G) 


APC RLTER 

G) 


CHROMA 

INPUT 


CHROMA . 
OUT * 


1STCHROMA 
STAGE * 
SWITCHING 


BG J^T£ 
BG 


LUMA 

AMPUHER 


PICTURE 

CONTROL 


. . .. ' ' BG I 

SYNCHRONOUS SAMPLE 

DETECTOR ->1 AND 

FOR APC AND ACC -TT--* HOLD 
-—S- FF T- 


BG p 
J-L -► SAMPLE 
AND 

“LT -► HOLD 

BG ■—T—■ 


-^^ 

SAMPLE 4- “L-T 
AND 

HOLD JT. 

1 - BG 


2ND CHROMA 

1 

KILLER 

- COMPARATOR iq^nT 

4 LEVEL SHIFT -► 

1 FLIP FLOP |- 

JTJ 

90® _ 


STAGE 

1- 



FF 

AMPURER 

AMPURER 


♦ 

BUFFER 

AMPURER 

FF-^ 

AMPLIFIER * 1 


CARRIER 


STAGE 

1 +PHASE EQ 

1 

PAL SWITCH 
* PHASE EQ 

BG 

JTL _ 




BLANKING 

1 ' 

H-# 

B OUTPUT 




G OUTPUT 



-* 

R OUTPUT 


BGl-r ♦-| SANDCASTLE 

r-i I decoder 


AVERAGE 
BEAM UMITER 


BRIGHTNESS 

COMPARATOR 


PEAK BEAM 
UMIT 

COMPARATOR 


LOW PASS 
RLTER 


AVER. 
BEAM INFO. 


BRIGHTNESS 

CONTROL 


PEAK 

BEAM LEVEL 


OUTPUT 

INPUT 

-( 7)900 

INPUT 


(I6j B OUTPUT 


G OUTPUT 


Cl8) R OUTPUT 


HS) Vcc 

K ' 7\ GROUND 
V (SUB) 
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CA3 


Typical Performance Curves 



0 1 2 3 4 5 

PIN 23 - BRIGHTNESS CONTROL (Vb, V) 

FIGURE 1. BRIGHTNESS CONTROL (Vg) MEASURED AT PIN 
18 OUTPUT TERMINAL 




0 1 2 3 4 5 

PIN 22 - CONTRAST CONTROL (Vc, V) 


FIGURE 3. CONTRAST CONTROL (Vq) MEASURED AT PIN 18 
OUTPUT TERMINAL 



11 12 13 14 15 16 

PIN 12 > SUPPLY VOLTAGE (V) 

FIGURE 5. LINEAR OPERATING RANGE AS A FUNCTION OF 
Vcc MEASURED AT PIN 16 OUTPUT TERMINAL 
(BEST OPERATING RANGE IS 11-13V Vcc) 


7 -- 


4 



0 1 2 3 4 5 

PIN 22 • COLOR CONTRAST CONTROL (Vc, V) 

FIGURE 2. CONTRAST CONTROL (Vc) MEASURED AT 2ND 
CHROMA AMPLIFIER OUTPUT TERMINAL 



PIN 12 - SUPPLY VOLTAGE (V) 


FIGURE 4. LUMA GAIN vs SUPPLY VOLTAGE (Vcc) MEASURED 
AT LUMA AMPUFIER OUTPUT TERMINAL 


< 

g 

c 


o 

z 

UJ 

GC 

I 

S 


20 

10 

0 

-10 

•20 

0 1 2 3 4 5 




CHROMA INPUT: BURST »lOOmVpp 
CHROMA s220mVpp 




LUMA INPUT: 0.5Vpp (30% SYNCH) 
ADJUST Vc FOR V^g > Vp LUMA, 



THEN ADJ 
V CHROMA 

USTVsFOR Vi8-2Vp 
RED BAR) 



1 







□ 

■ 









■ 

■ 









■ 






















PIN 22 - CONTRAST CONTROL (Vc, V) 


FIGURES. LUMA/CHROMATRACKINGASAFUNCTlONOFVc 
MEASURED AT PIN 18 OUTPUT TERMINAL 
















CA3194 


Typical Performance Curves (Continued) 



CHROMA INPUT (V4,dB) 

FIGURE 7. ACC CHARACTERISTICS MEASURED AT PIN 2 
OUTPUT TERMINAL 


PIN 22 - CONTRAST CONTROL (Vc, V) 

FIGURE 8. LUMA/CHROMA TRACKING vsCONTRASTCONTROL 
MEASURED AT PIN 18 OUTPUT TERMINAL 



CHROMA INPUT: BURST = lOOmVp 
CHROMA s220mVpp 
LUMA INPUT: O.SVpp (30% SYNCH) 
ADJUST Vc FOR Via = 2Vp LUMA, 
THEN ADJUST Vg FOR Via * 2Vp 
CHROMA (RED BAR) 



PIN 22 - CONTRAST CONTROL (Vc, V) 


PIN 3 - CHROMA SATURATION CONTROL (Vc. Vpp) 


FIGURES. LUMA/CHROMA TRACKING WITH CONTRAST CON- FIGURE 10. SATURATION CONTROL (Vg) MEASURED AT 

TROL MEASURED AT PIN 18 OUTPUT TERMINAL CHROMA AMPLIFIER OUTPUT TERMINAL PIN 2 


VcxVgx 2.85V 

Vcc*12V £ ^ 

NO INPUT SIGNAL 2-^ --- 

III Q BOTTOM CUPPING 

J -- tt 6-7 - - OF RED BAR 


CENTER DIFF. CORRECTED 
TO ZERO AT 7.0V-PIN 18 


Vg ■ 2.85V 
Vcc»12V 

PIN4: BURSTslOOmVpp 
CHROMA *220 mVpp 
ADJUST Vc (DL700 DELAY 
UNE IN CIRCUIT) 


R - OUT (PIN 18) BLACK LEVEL REFERENCE • (Vg ADJ, V) 

FIGURE 11. DIFFERENTIAL BLACK-LEVEL TRACKING 
MEASURED AT RGB OUTPUT TERMINALS 


PIN 2 - CHROMA OUTPUT (Vpp) RED BAR 

FIGURE 12. PIN 18 OUTPUT vs PIN 2 VOLTAGE MEASURED AT 
CHROMA OUTPUT TERMINALS AND R OUTPUT 
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Typical Performance Curves (Continued) 



0 2 4 6 8 10 0123456789 10 

PIN 24 - AVE. BEAM UMITER (Vab. V) PIN 24 - AVERAGE BEAM UMITER (Vab> V) 

FIGURE 13. AVERAGE BEAM UMITER (Vab) MEASURED AT FIGURE 14. AVERAGE BEAM LIMITER (Vab) MEASURED AT 

PIN 18 OUTPUT PIN 18 OUTPUT 



PIN 24 • AVERAGE BEAM UMITER (Vab. V) 


FIGURE 15. AVERAGE BEAM UMITER (Vab) MEASURED AT FIGURE 16. SANDCASTLE INPUT WAVEFORM 

PIN 18 OUTPUT 



FIGURE 17. KILLER-THRESHOLD LEVEL CONTROL 


FIGURE 18. EXTERNAL OVERLOAD DETECTOR 
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Test Circuit (Continued) 


BEAM 

UMIT 



FIGURE 20. APPLICATION CIRCUIT FOR PAL M 
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CA3217 


March 1993 


Single Chip TV 
Chroma/Luminance Processor 


Features 

• All Chroma Processing and Demodulating Circuitry 
on a Single Chip In a 28 Lead Plastic Package 

• Phase Locked Subcarrier Regeneration Utilizing Sam¬ 
ple and Hold Techniques 

• Supplementary ACC with Overload Detector to Pre¬ 
vent Over Saturation of the Picture Tube 

• Linear DC Controls for Chroma Gain and Tint 

• Dynamic “Hesh Correction” - Corrects Purple and 
Green Resh Colors without Affecting Primary Colors 

• Balanced Chroma Demodulators with Low Output 
Impedance for Direct Coupling 

• Internal RF Filtering 

• Requires Few External Components 

• Automatic Beam Limiter 

• Chroma Luminance Tracking Picture Control 


Description 

The Harris CA3217E* is a monolithic silicon integrated 
circuit, it contains all the required circuit functions between 
the video detector and the picture tube RGB driver stages of 
a color television receiver. The CA3217E decodes the 
chrominance signals and then produces three different color 
signals that are internally combined with the luminance to 
develop the RGB signals. The picture saturation, hue and 
brightness DC controls are externally adjustable by the 
viewers. The AFPC, ACC, Dynamic flesh control. Beam 
limiting and Gate black level (Brightness) control are servo 
loops used to stabilize the RGB output and reduce frequent 
manual adjustment. The automatic beam limiter circuit 
reduces picture contrast and brightness to prevent excessive 
drive output at the picture tube. 

* Formerly dev. type no. TA10806. 

Ordering Information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA3217E -40°C to +85°C 28 Lead Plastic DIP 


Pinout 


CHROMA OUT | 1 
CHROMA CONTROL [ 2 ] 


CHROMA INPUT L3_ 
OVERLOAD RLTER FT 


ACC. KILLER RLTER - 


CA3217 
(PDIP) 
TOP VIEW 


^ BEAM UMITER 
^ LUMINANCE 


^ PICTURE CONTROL 
^ LOW PASS RLTER 


24 BRIGHT CONTROL 


SANDCASTLE PULSE |7| 


OSCILLATOR IN 90® [l1^ 
OSCILLATOR IN 180® Fl2 


OSCILLATOR OUT |13 
TINT CONTROL [u 


19] Q CARRIER IN 
Ib] I CARRIER IN 
1^ DEMODULATOR CHROMA IN 
OVERLOAD, R.ESH DISABLE 


15 CARRIER OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 -7 >ic 
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Specifications CA3217 


Absolute Maximum Ratings 

DC Voltage (Between Terms 23 & 8).14.0V 

Power Dissipation 

UptoTA = +55°C.1.27W 

Above Ta = +55°C.Derate Linearly at 13.3mW/°C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 


Operating Conditions 

Operating Temperature Range.-40°C to +85°C 

Storage Temperature Range.-65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electricai Specifications Ta == + 25 ^c 



With K7 energized and frequency counter at D vary Cl for 3.579175MHz. Then with K4 energized, check for pull-in. Repeat for frequency 
tuned to 3.579875MHz. For all other tests tune to 3.579545MHz ±10Hz. 


2. Vary S2 for 1.5Vp.p at Pin 21. 

3. % of 100% ACC. 

4. Adjust Cl for 3.579545MHz ±1 OHz. Adjust S2 for 1.6Vp.p at Pin 22 and 0 reference, then adjust S5 for minimum at P21. Read and record 
S5 voltage. 

5. Black to White. 

6. T17 = T17/T16. 

7. Adjust S3 for 4.0Vp.p. 

8. AC amplitude - 50mVp.p reference 15kHz. 

9. Adjust beam iimiter to 10.7V. 

10. Adjust beam limiter to 9.8V. 

11. Adjust S2 for 1.5Vp.p at Pin 21, then calculate P20/P21 and P22/P21. 









































































































Specifications CA3217 


Typical Performance of the CA3217E 


FUNCTION 

TYPICAL DATA 

Nominal Supply 

11.2V 

Nominal Dissipation 

500mW 

Oscillator Stability 



Supply Variation 10*^ 

5Hz 


Variation With Temperature (AT = +50°C) 

25Hz 

AFPC Characteristics 



DC Loop Gain 

33Hz/Degree 


Pull In Range 

±500Hz 

ACC Characteristics 



100% Chroma Input Level 

250mVp.p on Red Bar 


3dB Point 

At 20% Nominal Input Level 

Hue Control Range 

100° 

Saturation Control Range 

40dB Min. 

DEMODULATOR PARAMETERS 

RELATIVE AMPLITUDE 


R-Y 

1.0 


B-Y 

1.2 


G-Y 

0.3 


Bandwidth (Chroma) 

900kHz 

Flesh Control 

Primary Control In the +1 Half Plane 

Chroma Overload Control 

Two Levels 

Picture Control 

40dB 

Brightness Control 

Black Level Clamped on 3V to 5V Level 

Beam Limiting 

On Picture and Brightness Controls 

Luma Bandwidth 

5MHz Min. 

Sandcastle Input 



1.2-2.3 V 

Blanking 


>3.3V 

Burst Gate 


Maximum Linear Output 
R 


G 

B 


ANGLE 

93° 

go 

258° 






























































CA3217 


Functional Block Diagram 


COMPOSITE 
CHROMA O- 
IN 



JKEYED CHROMA I 


SATURATION^ 
CONTROL< 


CHROMA 
2ND AMP (A) 


rwooMA 

-(R-Y). CHROMA R 

MATRIX -» MATRIX — 

AMP amp 


KEYED 

COMPARATOR 



PIX 

rAfshrr] 

CONTROL 



- r—*-'-^ OVERLOAD I 

POWER SANDCASTLE FLESH 

SUPPLIES DECODE ENABLE 


VCC I 6N^ 


BEAM BRIGHT 

CURRENT CONTROL 

REFERENCE 


\Toff 


BAND PASS 
FILTER 
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CA3217 


Test Circuit 


BEAM 6 BRIGHTNESS 

LIMITER CONTROL B R G 


f I5V 22005 

°-^ 

IOfc> 


CONTRAST 

CONTROL 


4.7li^ 4.7K^ 4.7k^ 


p l20pF 
I 1000 pF-y 


K5 >IOk X 



0.001 T* ^00 k 


CHROMA 

INPUT 


28 27 26 25 24 23 22 21 20 19 18 17 16 19 


I 2 3 4 5 6 7 8 9 10 II 12 13 14 | 


UfI_ 

o.oii ^ 0 . 01 ^ , xtalQ 


S2 0.33 
CHROMA r\h 
CONTROL 



L ^ ^ 33005 
286kS SIMI* I 


lOOpF 

220 k Ht- 

VsA^' 

’12 k 4f 


100 k XPTI3 

■AAAr-8-O 

sjsaoof 

to.oi 


P Cl 47k> >IOk 

5-25pfI 5 5 


jO-m ONt 
+ OxPT3 


®0FF 

F9.5V -J I— ^ 


> TINT CONTROL 


3 mA MAX 
(OVERLOAD) 


FIGURE 1. TEST CIRCUIT FOR CA3217E 


Typical Performance Curves 



Ta » +25®C, LUMA INPUT * 0.5Vp.p (30% SYNC) 

CONTRAST » ft aV SATLiRATION « ft aV 


PIN 28* 11.8V 
— 1 — 1 — 

. 


















■■■BH 





■IIBilHH 



MM 

-MM 











) 

2 

4 6 i 

1 

1 


Ta - -••25<’C. LUMA INPUT « 0.5Vp.p (30% SYNC). 
BRIGHTNESS > 4.0V, SATURATION « 6.3V 
5-5 PIN 28* 11.8V 
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BRIGHTNESS CONTROL (V) 

FIGURE 2. TYPICAL P21 BLACK LEVEL VERSUS 
BRIGHTNESS CONTROL 


0 2 4 6 8 10 12 14 

CONTRAST CONTROL (V) 

FIGURES. TYPICAL P21 LUMINANCE OUTPUT V8 CONTRAST 
CONTROL 
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Typical Performance Curves (Continued) 



9 10 11 12 

PIN 28 BEAM UMITER (V) 


FIGURE 4. TYPICAL BEAM LIMITER vs CONTRAST AND 
BRIGHTNESS 



SATURATION CONTROL (V) 


FIGURES. TYPICAL PI CHROMA OUTPUT vs SATURATION 
CONTROL 



FIGURE 6. TYPICAL PI CHROMA OUTPUT vs CONTRAST 
CONTROL 


Ta s +2&*C, chroma input s 250mVp.p 

RIJRST - 19>>mV» .v 1IJMA » 0 SV» 


HUE 

>6.31 

BRK 

3HT> 

4.0V, 

PIN 28 s 11.8V 

_1_1_ 

_ 







LUMI 

NANC 


n 

1ROM 

A- 






















II 

^ITIAI 

.CON 

DITIO 

N 




z 


ADJUST PIX CONTROL FOR 1Vp.p 
LUMA (BLKTOWHT) 




ADJUST SAT. CONTROL FOR 1Vp.p 
RED (BLKTOPEAK) 


4 6 8 10 

PICTURE CONTROL (V) 

FIGURE 7. TYPICAL LUMA/CHROMA TRACK 


12 






CA3217 



FIGURE 8. TYPICAL APPLICATION CIRCUIT 


BLACK LEVEL 

I 


PEDESTAL 

I BLACK 


KEY AND 
BLANKING 
SANOCASTLE 
PULSE I 


“37^S 

--52.5/aS- 


—J ii.i/iS L— 

BLANKING 


FIGURE 9. TEST SIGNALS FOR THE CA3217E 
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CA3256 


March 1993 


BiMOS Analog Video 
Switch and Amplifier 


Features 

• 5 Multiplex Video Channels 

- 11ndependent Channel 

- 4 Channels with Enable 

• 4 LED Channel indicator Outputs 

• Wideband Video Amplifier.25MHz Unity Gain 

• Adjustable Video Ampiifier Gain 

• High Signal-Drive Capability 

Applications 

• Video Multiplex Switch 

• 75C1 Video Amplifier/Une Driver 

• Video Signal-Level Control 

• Monitor Switching Control 

• TV/CATV Audio/Video Switch 

• Video Signal Adder/Fader Control 

Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE 

-40°C to +85°C 

-40°C to +85°C 


18 Lead Plastic DIP 
20 Lead SOIC 


Description 

The CA3256 BiMOS analog video switch has five channels 
of CMOS multiplex switching for general-purpose video¬ 
signal control. One of four CMOS channels may be selected 
In parallel with channel 5. The CMOS switches are Inputs to 
the video amplifier but may be used in bilateral switching 
between channels 1 to 4 and channel 5. The analog 
switches of channels 1 to 4 are digitally controlled with logic 
level conversion and binary decoding to select 1 of 4 
channels. The enable function controls channels 1 to 4 but 
does not affect channel 5. LED output drivers are selected 
with the channel 1-to-4 switch selection to Indicate the ON- 
channel. Channel 5 may be used as a monitor output for 
data or signal information on channels 1 to 4. The 
transmission gate switches shown In the block diagram of 
the CA3256 are configured In a “T’ design to minimize 
feedthrough. When the switch is off, the shunt or center of 
the T’ Is grounded. 

The amplifier has high Input Impedance to minimize the Rqn 
transmission gate insertion loss. The amplifier output imped¬ 
ance is typically 5Q In a complementary symmetry output. 
The amplifier can directly drive a nominal 75G coaxial cable 
to provide line-to-line video switching. The gain of the ampli¬ 
fier is programmable by different feedback resistor values 
between pins 8 and 9. Compensation may also be used 
between these pins for an optimally flat frequency response. 
An internal regulated 5V DC bias reference with temperature 
compensation permits stable direct-coupled output drive and 
minimizes DC offset during signal switching. 


Pinouts 


CA3256 
(PDIP) 
TOP VIEW 


CA3256 
(SOIC) 
TOP VIEW 


CONTROL C [7 
FEEDBACK [s 


AMPL OUT 



^ CONTROL B 


6^ CONTROL A 


Vee {± 
ENABLE[T 
CONTROL C [7 
FEEDBACK [T 
AMP OUT IT 



m CONTROL B 


m CONTROL A 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 _ ... 


File Number 1769.3 








CA32S6 


Block Diagram 


ENABLE (el-1 LOGIC 


5 4 3 


3 2 1 I -L 
i) ® © Q) "■ 


^ ^ FEE^ACK 

IK 

-AAAr~i 

1 j t 

I REG 1 [ 


Vee a 

T 1 

10K 


LEVEL I I 10F4 
CONV. I I WITH 


SW I 
CONTROL 


OUT IN 


T SW 
OPEN 


FIGURE 1 
(DIP PIN OUT) 


AMPURER 

OUTPUT 


LED DRIVER 
OUTPUTS 


- 

CHANNELS 


Switch Control Logic 



5+ (1-4)* 


5 


None 


* For Maximum Video Bandwidth, Use Single Channel Selections 
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Specifications CA3256 


Absolute Maximum Ratings 

DC Supply Voltage Range, Vcc (Referenced to Vee)- = = = = = .. +18V Operating Temperature Range ... 

Control Input Voltage Range, All Inputs. Vee to V^c Storage Temperature Range. 

Signal Input Voltage Range, Channel 1-5.3Vp-p Lead Temperature (Soldering 10s) 

Amplifier Output Current.30mA 

DC LED Sink Current.30mA 

Junction Temperature (Plastic Packages).+150°C 

CAUTION: Stresses above those listed in “Absolute Majdmum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of Uie device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

Electrical Specifications Ta +25°c, Nominal Data for Vcc ^ i2V: Vee = gnd 



CAUTION: Connect the Vee power supply voltage before or during the Vcc turn-on. 
NOTES: 

1. Threshold value is referenced to GND. 

2. Vth is restricted by the equation, Vth<Vcc-1- 


.=40°Cto-^85°C 
-65°C to +150°C 
. +300®C 
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Specifications CA3256 


Electrical Specifications = +25°C, Vcc = + 12 , Vl£d ° + 12 , = QND, Pin 4 = GND, Feedback switch Ciosed, Vhiqh = 9V, 

Vlow = (See Figure 3), Unless Otherwise Specified. 


CHANNEL SWITCH CONTROL 



Vcc “ +7, Vee = -5 


Amplifier Output, 
Open Loop 
Vled = 0V 


Amplifier Output, 
Ciosed Loop, 


louT MAX. (Sink) 
Open Loop 


Input Leakage 
Channel 1-5 


Channel Control 
Input A, B, C, 
Enable Leakage 


LED Off, VoFF 


LED On, Vqn 


Switch Resistance, 
Rds 


Rqs Match 


CHI 

CH2 

CHS 

CH4 

CHS 

PIN 15 

PIN 17 

PIN 1 

PINS 

PIN IS 

OV 

OV 

OV 

OV 

OV 

ov 

ov 

ov 

ov 

ov 

OV 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

3V 

3V 

3V 

3V 

3V 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 

ov 


A 

B 

C 

PIN 16 

PIN 18 

PIN 7 

3V 

3V 

3V 

OV 

OV 

OV 

3V 

3V 

3V 

3V 

3V 

3V 

3V 

3V 

3V 

3V 

3V 

3V 

3V 

3V 

3V 


tIOOpA input Each Switch, 
Channel 1-4 + 5 


Calculation: (Max Rqs - Min R 0 s)/Mln Rqs 



Measure at 3V, 9V each; 6,7,16, -20 10 20 nA 

Enable and Channel 18 

Switching Control Inputs 


Select Channel 0-5 


Select Channel 0-5 


Select Channel 9V 9V 
1-4 


Amplifier Output 

Offset Vq Feedback 
Switch Ciosed 

Vcc = +7. Vee = -5 

OV 

OV 

OV 

OV 

OV 

OV 

OV 

OV 

7V 

9 

-100 

45 

100 

mV 

Closed Loop Unity 
Gain 

3V 

OV 

OV 

OV 

OV 

3V 

3V 

3V 

9V 

9 

-0.5 

- 0.1 

0.5 

dB 


NOTES: 

1. Vout = +3V. 

2. Vout = +7V. 

3. DIP Pinout 
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CA3256 


Typical Applications 



FIGURE 2(a). TYPICAL APPLICATION BIAS CIRCUIT DIRECT-COUPLED OUTPUT WITH Vee - -5V (DIP PINOUT) 






CA3256 


Typical Applications (Continued) 


'‘EE *CC 

TOGND +12TOf18V 


0.1 100K 


fi> “"'X 


100 K >>100K 


CHANNEL 1 
INPUT 


BIAS I y 
REG 


^ 75£2 ^OUTI 

OUTPUT 220 jiF > 

AMPL > 

LED INDICATOR CHANNEL 1 


LED INDICATOR CHANNEL 2 


LED INDICATOR CHANNEL 3 


CHANNELS 

INPUT/ 

OUTPUT 


LLC 

ENABLE 

AND 

CHAN 1-4 
SELECT 


ENABLE A 
CHANNEL (6>-| 

1-4 > 

4.7KS 4.7K: 


SELECT < SELECT^ 
CHANNEL < CHANNEL^ 

1-4 1 5 , 


► 4.7K ■=• GND 


LED INDICATOR CHANNEL 4 


WHERE AMPUHER GAIN: 

[ Rf+ik“1 
W - X0.0 

10K J 

FOR THIS aRCUIT: 

VCC. +12V 
A»1.1X 

BW« 18MHz (SINEWAVE) 
VoUT. IVpp 
Rf>ik 


FIGURE 2(b). TYPICAL APPLICATION BIAS CIRCUIT AC-COUPLED INPUT WITH Vge = GND (DIP PINOUT) 


Waveform Display (Figure 2b) Pulse Performance = 20ns Ir for 0 to 
2V Pulse. 


Vcc = +12V, Rp = IkG, Cqomp = 6pF, Pin 9 at 
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CA3256 


Typical Applications (Continued) 

10K* 



FIGURE 2(c). TYPICAL APPLICATION BIAS CIRCUIT DC-COUPLED INPUT AND OUTPUT. THE Vp.p OUTPUT CAPABILITY IS FIXED 
BY THE Vcc and Vee RANGE. (DIP PINOUT) 



1^8/DIVISiON 


PHOTO 1. WAVEFORM DISPLAY (FIGURE 2c) GATED OUTPUT FOR Vcc = +12V 
ENABLE s HIGH, CONTROL B s C » LOW, CONTROL A s 10V PULSE. 
THE BURST OUTPUT IS DELAYED ~ AOOns AT toN> toFF- 


















CA3256 


Typical Applications (continued) 



lOfiS/OIVISION 

PHOTO 2. STANDARD NTS COLOR BAR 



lO^sA)! VISION 


PHOTO 3. UNIFORM STEP SIGNAL WITH 3.58MHz 
MODULATION 


Test Circuits 



FIGURE 3. CA3256 TEST CIRCUIT (DIP PINOUT) 
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Test Circuits (Continued) 


V|N - 200mV(pp), AT LOW FREQUENCY OdB REF. EQUAL 
1.13 X GAIN AMBIENT TEMPERATURE (T^ • 25«C) 



FREQUENCY (MHz) 

FIGURE 4(a). GAIN-BANDWIDTH CHARACTERISTICS OF 
FIGURE 2(b) WITH COMPENSATION 
CAPACITOR, CcoMP> AND R,, SEE FIGURE 4(b) 
AND FIGURE 6(1). 


FIGURE 4(b). TEST CIRCUIT 


VouT > 200m V(pp), AT LOW 
FREQUENCY OdB REF. GAIN WITHOUT 
-FEEDBACK « 30dB AMBIENT 
. TEMPERATURE (T^ « 25®C) 

\ I III I I III II r 


0.01 0.1 1 10 100 
FREQUENCY (MHz) 

FIGURE 5(a). OPEN LOOP GAIN-BANDWIDTH 

CHARACTERISTIC OF FIGURE 2(b) WITH NO 
FEEDBACK, SEE FIGURE 5(b) AND FIGURE 6(5) 


NO FEEDBACK 




FIGURE 5(b). TEST CIRCUIT 
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Test Circuits (continued) 



Aal.lX 
BWs 18MHz 

VouT*'*Vpp 



A>i2X 
BWx: 15MHz 
VouT ■ 2Vpp 


NOTE: 4700 added to increase source drive current. 

( 2 ) 


- 

(I)— 




va/ - 1 


BW s 40MHz (1.2 X GAIN PEAK AT 25MHz) 
Vqut “ 200m Vpp 



VoutI 
Asl.lX 
BWs 15MHz 
Vqut * 200mVpp 


26MHz (UNITY GAIN) 
400m Vpp 


Aol = 30X 
BW s 250kHz 

NO FEEDBACK Vqut = 200mVpp 




A s 3.6X 
BW = 6MHz 
Vqut * 200mVpp 


h—o VoUT 



6pF 

Asl.lX 

-H - 1 

BWs 28MHz 

1 K 

Vqut ® 2Vpp 


100K 

—WV— OFFSET ADJ. 

- A + (SETS DC OUT LEVEL) 


Rs^ ADJ.^ 
T Vnc«5V 


A«1.1X 
BW « 28MHz 
Vqut = 2Vpp 


NOTE: Add Rg to reduce high-frequency slewing. 

(7) (8) 

FIGURE 6. OTHER TABULATED RESULTS FOR VARIATIONS OF LOAD AND FEEDBACK FOR CIRCUIT, FIGURE 2(b); Vcc = +12V 
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Application of High Speed CMOS 
Analog Switches 

CMOS analog switches are available in a wide variety of 
forms, and have been known and used for some time. There 
are a number of advantages to using the CMOS transmis¬ 
sion gate as a switch: 

• Ideal Suitability to Series Cascade Arrangements. 

• Simple Multiple Parallel Input Switching Arrangements. 

• No Bipolar Junctions and, Hence, No Offset. 

• Very Low Power Consumption. 

• Wide Signal-Swing Capability. 

• Fast Multiplexing and Video Switching in High-speed 
CMOS. 

• Wide Bandwidth in High-Speed CMOS. 

• Low RON Channel Resistance In High-Speed CMOS. 

• Bidirectional Signal Handling. 

An Integrated Video-Switch Amplifier 

Commonly, Integrated video-switch amplifiers have been 
fabricated in the bipolar technology using differential amplifi¬ 
ers In a current-switching mode. In this form, two differential 
pairs are needed for two input-signal sources. The handling 
of multiple sources is very much more complex. The advan¬ 
tages of the CMOS video-switch amplifier have already been 
noted. While the bipolar video switch has high output drive 
and switching speed as advantages, the price is high In volt¬ 
age offset and current drain. The integrated device solution 
that Is offered here is In the use of the BiMOS technology, 
where both the CMOS and bipolar processes complement 
each other to provide CMOS switching with bipolar amplifi¬ 
ers. The BiMOS process allows several CMOS switches to 
be coupled to a bipolar drive-amplifier in the same process 
to exploit the best of two technologies. 

Other advantages are gained when the BiMOS process is 
used for an 1C video-switch amplifier design. The BIMOS 
process calls for a p-substrate and, therefore, isolated n-epi- 
taxial boats can be built for both n and p channel parts. The 
boats provide for better isolation of the n and p channels. 
The n and p wells in a transmission-gate cell can be 
switched between source and rail; therefore, they have a 
smaller body effect on both n and p devices, which results in 
better gain linearity. Where desired, oxide capacitors are 
available for bipolar amplifier compensation. 

CA3256 Video-Switch Ampiifier 

The block diagram of Figure 1 shows the functional diagram 
of the CA3256, which consists of five MOS channels, each 
comprising a three-element T-switch. The output of the five 
switches is made common and fed into the input of a bipolar 
buffer amplifier. The T-swItch, together with the input 
impedance of the buffer, is typically 10kU and has an inser¬ 
tion loss of approximately O.SdB. The T-switch was designed 
to handle up to 3Vpp input signal with low distortion. The 
T-swItches of the CA3256 conform to a break-before-make 
format; hence, shorting to ground Is eliminated. 


The amplifier is programmable for gain and, typically, can 
provide a gain of 1 into a 750 load or a gain of 5 into a 1kO 
load. The maximum output signal swing with linearity is 
greater than 5Vpp for (Vcc - ^ ee ) greater than or equal to 12 
volts, while the maximum output current is approximately 
20mA. The amplifier has base-current compensation to 
reduce offset and a temperature compensated 5-volt zener 
referenced bias. Other features include LED-selector 
indicators for channels 1 through 4. The fifth channel is inde¬ 
pendently selectable for use as a separate input or output in 
parallel with any on channel, and may be used as a monitor, 
or for pass-through, signal summing, or parallel distribution. 

In the application, the user has the option to specify -5 volts 
Vee for the switch and a ground reference for the amplifier 
input and output. Alternatively, the CA3256 may be used 
with a single +12 volt supply. The logic select for channels 1 
through 4 is controlled by the A, B and Inhibit lines with 
ground to Vcc foQfo switching. The logic threshold is approx¬ 
imately ~ (Vcc ’ Vee)/ 2 referenced to ground. DC coupling 
may also be used at the output (when VEE is returned to a 
-5 volt supply). For the circuit of Figure 2(b). AC coupling is 
used at the output and input. The switching bias 
arrangement shown provides for stable bias across each 
switch when In the off position to minimize transients when 
the input is switched. 

Any combination of switch input circuits can be configured 
with multiple, parallel, line-drive outputs. The video-switch 
amplifier circuit of Figure 7 illustrates how the CA3256 may 
be configured in pairs to provide an 8-to-1 video-switch 
amplifier using a 3-bit address to select the input. It is also 
possible to use the fifth channel Input to tie signals to a 
common bus line for distribution from the selected amplifier; 
however, distributed capacitance loading will result in 
reduced bandwidth. The 4 plus 1 combination of input-signal 
switching provides for a wide assortment of video-switch 
circuit configurations. 

While the BIMOS process does provide some compromises 
for both the switch and the amplifier, the combined system is 
capable of the performance needed In most high-quality, 
switching applications. As an integrated system, many of the 
problems in pc-board layout are simplified, and there is a 
reduction In component count. In its simplest form, with +12 
and -5 volt supplies, the CA3256 may be DC connected at 
the input and output; the LED Indicators need not be 
connected. Under these conditions, the circuit may be as 
simple as the one In Figure 7. 

Summary 

While each video-switch amplifier is designed for a specific 
application and, to that end, is tailored as far as performance 
to a given set of specifications, the circuit-designer’s goal is 
generally the same in every case: to make the best possible 
switch for the lowest cost. In this respect, the CA3256 1C 
switch and amplifier discussed provide an excellent choice 
for a cost-effective high-performance video-switch amplifier, 
by taking advantage of the complementary features of both 
high-speed CMOS and bipolar Integrated circuits. 
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SEMICONDUCTOR 


CD22402 


March 1993 


Sync Generator for TV Applications 
and Video Processing Systems 


Features 

• Interlaced Composite Sync Output 

• Automatic Genlock Capability 

• Crystal Oscillator Operation 

• 525 or 625 Une Operation 

• Vertical Reset Option 

• Wide Power Supply Operating Voltage 

Applications 

• Cameras 

• Monitors and Displays 


• Teletext 

• Video Games 

• Sync Restorer 

• Video Service Instruments 

Ordering Information 

PART TEMPERATURE 

NUMBER _ RANGE _ PACKAGE _ 

CD22402D -40°C to +85°C 24 Lead Ceramic Sidebraze 

_DIP_ 

CD22402E -40®C to +85°C 24 Lead Plastic DIP 


Description 

The Harris CD22402* is a CMOS LSI sync generator that 
produces ait the timing signals required to drive a fully 2-to-1 
interlaced 525-line 30-frame/second, or 625-line 25-frame/ 
second TV camera or video processing system. A complete 
sync waveform is produced which begins each field with six 
serrated vertical sync pulses, preceded and followed by six 
half-width double frequency equalizing pulses. The sync out¬ 
put is gated by the master clock to preserve horizontal phase 
continuity during the vertical interval. 

The CD22402 can be operated either In “genlock" mode, In 
which it is synchronized with a reference sync pulse train from 
another TV camera, or in “stand-alone” mode, in which it is 
synchronized with a local on-chip crystal oscillator (the crystal 
and two passive components are off chip). Also, the circuit can 
sense the presence or absence of a reference sync pulse train 
and automatically select the “genlock" or “stand-alone" mode. 

A frame sync pulse is produced at the beginning of every odd 
field. The vertical counter can be reset to either the first equal¬ 
izing pulse or the first vertical sync pulse of the vertical inter¬ 
val. The interlaced sync provided by the CD22402 differs from 
RS-170 by having slightly narrower sync and equalizing 
pulses. The clock frequency of 32 times horizontal rate allows 
for approximately 4|is horizontal pulse widths and 2\xs equal¬ 
izing pulses. Otherwise operation can be phase locked to a 
color sub-carrier for a full interlaced operating system. 

The CD22402 is operable with a single supply over a voltage 
range of 4V to 15V. 

* Formerly Developmental Type No. TA6993. 


Pinout 


CD22402 (PDIP, CDIP) 
TOP VIEW 


DELAY, GENLOCK TO CRYSTAL OSCILLATOR |T" 
CRYSTAL OSaLLATOR FEEDBACK TAP 
Vss 

HORIZONTAL DRIVE OUTPUT [T 
MIXED SYNC OUTPUT [T 
GENLOCK OSCILLATOR CAPACITOR CONNECTION [T 
MIXED BEAM BLANKING OUTPUT [T 
VERTICAL COUNTER RESET TO RRST EQUALIZING PULSE [T 
VERTICAL DRIVE OUTPUT [F 
VERTICAL RESET TO RRST VERTICAL SYNC PULSE 
HORIZONTAL CLAMP OUTPUT 


24 RESISTOR CONNECTION FOR GENLOCK OSCILLATOR 


23 MASTER FREQUENCY INPUT 


22 i R^ CONNECTION FOR GENLOCK OSaLLATOR 
il] DELAY, GENLOCK TO CRYSTAL OSCILLATOR 
20] GENLOCK INPUT (COMPOSITE SYNC) 


18 525 UNE TO 625 UNE OPERATION SWITCH 


17 VERTICAL PROCESSING BLANKING OUTPUT 


16 SHORT VERTICAL DRIVE OUTPUT 


15] FRAME SYNC OUTPUT (ODD HELD) 

14] HORIZONTAL PROCESSING BLANKING OUTPUT 


13 MIXED PROCESSING BLANKING OUTPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 _ - _ 
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Specifications CD22402 


Absolute Maximum Ratings 

DC Supply Voltage 

Voltage Referenced to Vss Terminal.15V 

input Voltage Range, Ail Inputs (Notes 2,3) .. .Vss^V.^VoD 


Operating Conditions 

operating Temperature Range 

Package Type D.-65®C to +125®C 

Package Type E.-40°C to +85°C 


DC Input Current, Any One Input (Note 2).±10mA Storage Temperature Range.-65®C to +150°C 

Power Dissipation Per Package 

Ta = -40°C to +60®C (Package Type E). 500mW 

TA = +60®Cto+85®C 

(Package lype E)_Derate Linearly at 12mW/*’C to 200mW 

Ta = -55®C to +100®C (Package Type D). 500mW 

TA = +100®Cto+125<»C 

(Package Type D)_Derate Linearly at 12mW/^C to 200mW 

Power Dissipation Per Output Transistor 
Ta = Full Package Temp. Range (All Package Types).... lOOmW 
Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above ffu>se listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and qperaften 
of the device at these or any other conditions above those indicated in the operational sectiwts of this specification is not implied. 


DC Electrical Specifications values at -55®C, +25®C, +125®C Apply to D, H Packages. 

Values at -40®C, +25°C, +85°C Apply to E Package 


LIMITS AT INDICATED TEMPERATURES 


_ -i>25**C 

+85®C +125®C MIN I TYP 



PARAMETERS 


DC ELECTRICAL SPECIFICATIONS 


Quiescent Device Current 


Output Low (Sink) Current 


Output High (Source) Current 


Output Voltage Low Level 


Output Voltage High Level 


input Low Voltage 


Input High Voltage 


Input Current 


Refer to the CD4000B Series data book 250.5 for general operating and application considerations. 



100 

96 

66 

56 

1200 

1155 

787 

672 

248 

239 

164 

140 

3000 

2868 

1968 

1680 

-100 

-96 

-66 

-56 

-1200 

-1155 

-787 

-672 

-248 

-239 

-164 

-140 

-3000 

-2868 

-1968 

-1680 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

4.85 

4.85 

4.85 

4.85 

9.85 

9.85 

9.85 

9.85 

1.5 

1.5 

1.4 

1.4 

3 

3 

2.9 

2.9 

3.6 

3.6 

3.5 

3.5 

7.1 

7.1 

7 

7 
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Specifications CD22402 


Switching Electrical Specifications ~ +25^C and 15pF. lypical Temperature Coefficient for Ail Values of Vqq = 0.3%/°C 


PARAMETERS (NOTE 1) 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

VddOO 

mol 

TYP 

MAX 

Output State Propagation Delay Time (50% to 50%) 

Low-to-HIgh Level 

tpLH 

5 

■ 

40 

80 

ns 

High-to-Low Level 

tpHL 

10 

- 

20 

40 

ns 

Output State Transition Time (10% to 90%) 

Low-to-High 

^TLH 

5 

■ 

45 

90 

ns 

HIgh-to-Low 

IjHL 

10 

- 

30 

60 

ns 

Input Capacity (Per Input) 


■ 

- 

5 

■ 

pF 


NOTE: 

1. The characteristics given are defined for unbuffered gate In the CMOS process of the CD22402. 

2. To prevent damage to the input protection circuit, input signals should never be greater than Vdd nor less than Vss- Input currents must 
not exceed 10mA even when the power is off. 

3. A connection must be provided at every input terminal. All unused inputs must be connected to Vqq or Vss, whichever is appropriate. 


Pin Descriptions 


PIN NO. 

SYMBOL 

DESCRIPTION 

1 

XRC 

Delay, Genlock to Crystal Oscillator. Resistor, diode and capacitor connection for delay that automaticaliy 
turns on the crystal oscillator when the genlock input is removed. When the signal on terminal 1 is high the crys¬ 
tal oscillator is inhibited. Typical values for R and C are 1MO and 0.001 pF. For operation as a crystal controlled 
stand alone sync generator without genlock, terminal 1 should be hardwired to Vgs. 

2 

XTP 

Crystal Oscillator Feedback Tap. Feedback connection (tap) for crystal oscillator. When a crystal (shunted by 
a 1M£^ resistor) is connected between this terminal and terminal 23, and a lOOpF capacitor is connected from 
this terminal to Vss. *1^6 sync generator creates Its own master frequency. For a 525-llne, 30-frame/second ras¬ 
ter, the crystal frequency is 504.000kHz*; and for a 625-llne, 25-frame/second raster, the crystal frequency Is 
500.000kHz*. 

3 


Negative Power Supply Voltage. This terminal must be hardwired to terminal 12 (Vss). 

4 

HD 

Horizontal Drive Output. 

5 

MS 

Mixed Sync Output 

6 

C 

Capacitor Connection for R-C Genlock Oscillator. 

7 

MBB 

Mixed Beam Blanking Output. 

8 

VRE 

Vertical Counter Reset to First Equalizing Pulse. A low level signal on this terminal resets the vertical counter 
to the first equalizing pulse of a field. When not in use this terminal should be connected to Vqd- 

9 

VD 

Vertical Drive Output. 

10 

VRV 

Vertical Counter Reset to First Vertical Sync Pulse. A low level signal on this terminal resets the sync gen¬ 
erator to the first vertical sync pulse of a field. For genlock operation, terminal 10 is used as a resistor and ca¬ 
pacitor connection for an integrator network that detects vertical sync pulses in a master sync waveform to which 
the sync generator is to be genlocked. R is 22kD, and C is 0.001 pR When not in use this terminal should be 
connected to Vqd. 

11 

HC 

Horizontal Clamp Output. 

12 

IHESm 

Negative Power Supply Voltage. 

13 

MPB 

Mixed Processing Blanking Output. 

14 

HPB 

Horizontal Processing Blanking Output 

15 

FS2 

Frame Sync Output (Odd Field). A pulse coinciding with the first equalizing pulse is produced at the beginning 
of every odd field. 

16 

SVD 

Short Vertical Drive Output 

17 

VPB 

Vertical Processing Blanking Output 
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Pin Descriptions (Continued) 


PIN NO. 

SYMBOL 

DESCRIPTION 

18 

sw 

Operation Switch for 525-Line or 625-Line Raster. A high level signal on terminal 18 causes the sync gener¬ 
ator to generate a 625-line raster. An internal pulldown resistor is connected to terminal 18, so in the absence 
of an applied input to this terminal, a 525-iine raster is produced. 

19 

■991 

Positive Power Supply Voltage. Vqq can be any voltage between -i4 and +15 relative to Vss- 

20 

GEN 

Genlock Input Composite Sync. A negative going reference mixed sync waveform applied to terminal 20 dis¬ 
ables the crystal oscillator and locks the R-C genlock oscillator to the horizontal pulses of the reference sync 
waveform. Vertical sync detection is achieved by an R-C integrator connected from terminal 20 to terminal 10 
(vertical reset to first vertical sync pulse). An internal pull-up resistor is connected to terminal 20 so that in the 
absence of an applied input the crystal oscillator is enabled and the R-C genlock oscillator is disabled. 

21 

XR 

Delay, Genlock to Crystal Oscillator, Resistor and Diode Connection for Delay, Genlock to Crystal Oscil¬ 
lator. Automatically turns on the crystal oscillator when the input to terminal 20 is removed. 

22 

RC 

Resistor and Capacitor Connection for Genlock Oscillator, if the genlock oscillator is not used this terminal 
should be connected to Vss- C should be lOOpF, and R should be a lOkQ potentiometer. 

23 

XIN 

Master Frequency Input. 

24 

R 

Resistor Connection for Genlock Oscillator. 


32 times horizontal frequency 
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Logic Diagram 



FIGURE 1. DETAIL OF THE OSCILLATOR/GENLOCK PORTION OF THE CD22402 


Timing Waveforms 


MICROSECONDS-*^ 0 1.98 3.97 5.95 7.94 9.92 11.90 27.78 31.75 33.73 



FIGURE 2. SYNC GENERATOR TIMING > 525/60HZ, HORIZONTAL TIMING WAVEFORMS 
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Timing Waveforms (Continued) 


VERTICAL RESET 
TO FIRST 
EQUAUZINQ 
PULSE 


1 r 1 r 

0 1 2 >3 > 4 


VERTICAL RESET 
■TORRST 
VERTICAL PULSE 


TTTnnnnnjiJU^—ir 


VERT. DRIVE 
PINO 

VERTICAL 
PROCESSING 
BLANKING 
PIN 17 


WIDE BLANKING 
PIN 13 


SHORT VERTICAL 
DRIVE PIN 16 

MIXED BEAM 
(CATHODE) 
BLANKING 
PINT 


...jir 


FRAME SYNC 
PIN 15 

(ON ALTERNATE RELDS) 


|-«~1.98(iS (NOT TO SCALE) 


FIGURE 3. SYNC GENERATOR TIMING - 525/60HZ, VERTICAL TIMING WAVEFORMS 



MICROSECONDS-*- 0 2 4 6 

SOOkHz i.iiiiii| I |—I f ■ 

OSC.PIN2 0R6 IJ IJ l| [ 

MIXED BLANKING —T* j j 

PIN 13 I j I_L 


HORIZ. DRIVE PIN 4 

CATHODE 
BLANKING 
PIN 7 


HORIZ. CLAMP 
PIN 11 


MIXED SYNC 
PINS 


EQUAUZING 

PULSE 


■iJijn_n_rL 


—4ji*— 


FIGURE 4. SYNC GENERATOR TIMING - 625/50HZ, HORIZONTAL TIMING WAVEFORMS 
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Timing Waveforms (Continued) 

nr r r 

0 1 2 I 3 I 4 


VERTICAL RESET TO 
HRST EQUAUZING ' 
PULSE 


VERTICAL RESET 
TO RRST 
VERTICAL PULSE 


UNENO- 
MIXED SYNC 
PINS 


VERT. DRIVE 
PIN 9 

VERTICAL 
PROCESSING 
BLANKING 
PIN 17 


WIDE BLANKING 
PIN 13 


SHORT VERTICAL 
DRIVE PIN 16 


CATHODE 

BLANKING 

PINT 


FRAME SYNC 
PIN 15 

(ON ALTERNATE FIELDS) 



IT 


— 2\iS (NOT TO SCALE) 

FIGURE 5. SYNC GENERATOR TIMING - 625^0Hz, VERTICAL TIMING WAVEFORMS 


FIELD NO. 1 

PINS 

PIN 9 

FIELD NO. 2 

PINS 

PIN 9 

SEE NOTES 1, 2 

FIGURE 6. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(VERTICAL DRIVE - PIN 9) 
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Timing Waveforms (Continued) 


FIRST EQUAUZING PULSE 


HI- LINE 262-1/2 (312-1/2) 



SEE NOTES 1,2 


FIGURE 7. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(VERTICAL PROCESSING BLANKING - PIN 17) 


FIELD NO. 1 UNE 0 


FIRST EQUALIZING PULSE 





LINE 262-1/2 (312-1/2) 


UNE 283 (333) 



-^1 2CLKS i-*- 14CLKS - 

SEE NOTES 1,2 

FIGURE 8. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(MIXED PROCESSING BLANKING - PIN 13) 
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Timing Waveforms (Continued) 

FIELD NO. 1 UNE 3 UNE 6 



SEE NOTES 1.2 


FIGURE 9. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(SHORT VERTICAL DRIVE - PIN 16) 

UNE2 UNE3 UNE6 UNE7 


PIN 7 



iTTir 


—►I 4 -^ 

CLKS 

UNE 265 (315) UNE 265-1/2 (315-1/2) 


4 CLKS 


UNE 268-1/2 (318-1/2) UNE 269 (319) 


1 CLK" 
PIN 7 



2 CLKS 2 CLKS ~ 

SEE NOTES 1,2 


16 CLKS 


FIGURE 10. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(MIXED BEAM BLANKING - PIN 7) 

NOTES: 

1. Waveforms shown are for 525 line/60Hz, line number in parenthesis are for (625 line/50Hz). 

2. Timing widths by clock count; for 525 line, 1 CLK = 1.98ps; for 625 line, 1 CLK = 2ns; 1 horizontal period == 32 CLKS. 
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TypiCSi Applicstions (Refer to Application Note, AN-8742, for more information) 


HORiZ. PHASE ADJ. 


MIXED SYNC. OR ^ 
COMPOSITE VIDEO INPUT ^ 


VERTICAL SYNC . 
(OPTIONAL) 


FROM POWER UNE 
FOR LINE-LOCK ^ 
OPERATION 


FROM SHORT 
VERTICAL 
DRIVE 


ZERO 

CROSSING 

DETECTOR 


I SYNC I 
RESTORER I 


GEN LOCK<10kO 
OSC. > 


AUTO GEN > 

LOCK^IWn 
CONTROL I 


HORIZONTAL DRIVE 
HORIZONTAL CLAMP 
MIXED BEAM (CATHODE) BLANKING 
MIXED PROCESSING BLANKING 
HORIZONTAL PROCESSING BLANKING 


VERTICAL DRIVE 


SHORT VERTICAL DRIVE 


CRYSTAL 

OSC. 


3,12 ^ 


FRAME SYNC OUTPUT (ODD FIELD) 
VERTICAL PROCESSING BLANKING OUTPUT 
OPERATION SWITCH FOR 525-LINE OR 
625-UNE RASTER 


FIGURE 11. TYPICAL APPLICATION IN A TV CAMERA 


lUUlUZ 



Kilg 


- inr 

NEG. HORIZ. SYNC OUT 
(TO PIN 20 - CD22402) 
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HA'2546 


March 1993 


Wideband Two Quadrant 
Analog Multiplier 


Features 

• High Speed Voltage Output. 

• Low Multiplication error ... 

• Input Bias Currents. 

• Signal Input Feedthrough.. 

• Wide Signal Bandwidth_ 


. 300V/^lS 


Wide Control Bandwidth. 


• Gain Flatness to 5MHz. 

Applications 

• Military Avionics 

• Missile Guidance Systems 

• Medical Imaging Displays 

• Video Mixers 

• Sonar AGC Processors 

• Radar Signal Conditioning 

• Voltage Controlled Amplifier 

• Vector Generator 


Description 

The HA-2546 is a monolithic, high speed, two quadrant, 
analog multiplier constructed in the Harris Dielectrically 
Isolated High Frequency Process. The HA-2546 has a 
voltage output with a 30MHz signal bandwidth, 300V/ps slew 
rate and a 17MHz control bandwidth. High bandwidth and 
slew rate make this part an Ideal component for use In video 
systems. The suitability for precision video applications is 
demonstrated further by the 0.1 dB gain flatness to 5MHz, 
1.6% multiplication error, -52dB feedthrough and differential 
Inputs with 1.2pA bias currents. The HA-2546 also has low 
differential gain (0.1%) and phase (0.1°) errors. 

The HA-2546 Is well suited for AGC circuits as well as mixer 
applications for sonar, radar, and medical imaging equip¬ 
ment. The voltage output simplifies many designs by elimi¬ 
nating the current to voltage conversion stage required for 
current output multipliers. For MIL-STD-883 compliant prod¬ 
uct, consult the HA-2546/883 datasheet. 

Ordering Information 

TEMPERATURE I 

PART NUMBER RANGE PACKAGE 

HA1-2546-5 _ 0°C to •f75°C 16 Lead Ceramic DIP 

HA1-2546-9 _ -40°C to •t-85°C 16 Lead Ceramic DIP 

HA3-2546-5 _ 0°C to +75°C 16 Lead Plastic DIP 

HA9P2546-5 0°C to +65°C 16 Lead Wide Body SOIC 


HA9P2546-5 


Pinout 

HA-2546 (PDIP, CDIP, 300mil SOIC) 
TOP VIEW 









■ 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 ^ 


File Number 2861.1 















Specifications HA-2546 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V-. 

... 35V 

Operating Temperature Range 


Differential Input Voltage. 

.6V 

HA1-2546-9. 

.-40°C^Ta^+85°C 

Output Current.. 

. .±60mA 

HA3-2546-5. 

.0°C<Ta<+75°C 

Junction Temperature. 

+175°C 

HA9P2546-5 . 

.0°C<Ta^+65°C 

Junction Temperature (Plastic Packages). 

, +150°C 

Storage Temperature Range. 

....-65°C<Ta<+150°C 

Lead Temperature (Soldering 10 Sec.). 

+300°C 

Thermal Resistance 

0JA 6jc 



Ceramic DIP Package. 

710C/W 13°C/W 



Plastic DIP Package. 

86°C/W 25°C/W 



Wide Body SOIC Package. 

96°C/W 26°C/W 



Maximum Package Power Dissipation 




Ceramic DIP Package at 85°C. 

.1.27 W 



Plastic DIP Package at 75°C. 

.0.87 W 



Wide Body SOIC Package at 65°C .... 

.0.88 W 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this pacification is not implied. 


Electricai Specifications v+ = 15V, v- = -isv, Rl 

= 1kQ, Cl 

= 50pF, Unless Otherwise Specified 





ALL GRADES 


TYP 



MULTIPLIER PERFORMANCE 

Multiplication Error (Note 2) 

+25°C 

1.6 

3 

% 


Full 

3.0 

7 

% 


Multiplication Error Drift 


Differential Gain (Note 3,11) 


Differential Phase (Note 3,11) 


Gain Flatness (Note 6,11) 
DC to 5 MHz 


5 MHz to 8 MHz 


Scale Factor Error 


1% Amplitude Bandwidth Error 


1% Vector Bandwidth Error 


THD + N (Note 4) 


Voltage Noise (Note 16) 
fo = 10Hz 


fo = 100Hz 


fo = 1kHz 


Common Mode Range 


SIGNAL INPUT, Vy 


Input Offset Voltage 


Average Offset Voltage Drift 
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Specifications HA-2546 


Electrical Specifications v+ = isv, v-«-isv, > ika Cl < sopF, unless otherwise Specified (Continued) 



Input Bias Current 


Input Offset Current 


Input Capacitance 


Differential input Resistance 


Small Signal Bandwidth (-3dB) (Note 6) 


Full Power Bandwidth (Note 5) 


Feedthrough (Note 14) 


CMRR (Note 7) 


Vy TRANSIENT RESPONSE (Note 12) 


Slew Rate (Note 8) 


Rise Time (Note 9) 


Overshoot (Note 9) 


Propagation Delay 


Settling Time (Note 8) 0.1% 


CONTROL INPUT. Vx 


input Offset Voltage 


Average Offset Voltage Drift 


Input Bias Current 


Input Offset Current 


Input Capacitance 


Differential Input Resistance 


Small Signal Bandwidth (-3dB) (Note 13) 


Feedthrough (Note 16) 


Common Mode Rejection Ratio (Note 18) 


Vx TRANSIENT RESPONSE (Note 12) 


Slew Rate (Note 18) 


Rise Time (Note 19) 


Overshoot (Note 19) 
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Specifications HA-2546 


Electrical Specifications v+=isv, v- = -isv, r,. =ika Cl = Unless otherwise Specified (Continued) 



Propagation Delay 


Settling Time (Note 18) 0.1% 


Vz CHARACTERISTICS 


Input Offset Voltage (Note 16) 


Open Loop Gain 


Differential Input Resistance 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 17) 


Output Current 


Output Resistance 


POWER SUPPLY 


PSRR (Note 10) 


Supply Current 



1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions is not necessarily implied. 

2. Error is percent of full scale, 1 % = 50mV. 

3. fo = 3.58MHZ/4.43MHZ, Vy = 300mVp.p, 0 to 1 Vdc offset. Vx = 2V. 

4. fo = 10kHz.VY = 1VRMS.Vx = 2V. ^ 


5. Vx = 2V, Full Power Bandwidth calculated by equation: FPBW = 

6. Vx = 2V. 

7. VY = 0to±5V,Vx = 2V. 

8. Vout = ±5V.Vx = 2V. 

9. VouT = 0 to ±1 OOmV, Vx = 2V. 

10. Vs = ±12V to ±15V, Vy = 5V. Vx = 2V. 

11. Guaranteed by characterization and not 100% tested. 

12. See Test Circuit. 

13. Vy = 5V, Vx- = -1V. 

14. fo « 5MHz, Vx = 0, Vy = 200mVRMs- 

15. fo = 100kHz, Vy = 0, Vx+ = 200mVRMs. Vx- = -0.5V. 

16. Vx = Vy = 0. 

17. Vx = 2.5V,Vy = ±5V. 

18. Vx = 0to2V,VY = 5V. 

19. Vx = 0 to 200mV, Vy = 5V. 
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Die Characteristics 

DIE DIMENSIONS: 

154.3 X 173.2 X 19 ±1mlls 

METALLIZATION: 

Type: Al, 1% Cul 
Thickness: 16kA ± 2kA 

GLASSIVATION: 

Type: Nitride (SI 3 N 4 ) over SIlox (SIO 2 , 5% Phos) 

SIlox Thickness: 12kA±2kA 
Nitride Thickness: 3.5kA ± 2kA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

Metaiiization Mask Layout 

HA-2546 


Vref <^ND QA A GA C 

21 16 15 



7 8 9 10 

V- VouT Vz+ Vr 
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Test Circuits 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 


Vy SMALL SIGNAL RESPONSE 

Vertical Scale: lOOmV/Div. Horizontal Scale: SOns/Div. 


Vy LARGE SIGNAL RESPONSE 

Vertical Scale: 5V/Div. Horizontal Scale: SOns/Div. 


lOOmV 


•loomv 


Vx LARGE SIGNAL RESPONSE 

Vertical Scale: 2V/Div. Horizontal Scale: SOns/Div. 


Vx SMALL SIGNAL RESPONSE 

Vertical Scale: 200mV/Oiv. Horizontal Scale: SOns/Div. 


200mV 


SOOmV 


P¥ 

?¥ 


- -— 




r 





1 

lom 







?a>v' 
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_^ 
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.-. 
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TypiCSl PstfOrniSnCe Curves Vs = ±15V, = +2ff>C, see Test circuit For Multiplier Configuration 


Rl . 1 K, Vjt* • aoOmVnm, Vy ■ SVdo, Vx-—1 Vde . 

J I I I II I I I II I I I II I 

lor 
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OFFSET VOLTAGE (mV) VOLTAGE NOISE (nV/V55) 


HA-2546 


Typical Performance Curves Vg = ±15V, = +25°C. see Test circuit For Multiplier configuration (Continued) 



FREQUENCY (Hz) TEMPERATURE (®C) 

FIGURE 8. VOLTAGE NOISE DENSITY FIGURE 9. Vy OFFSET AND BIAS CURRENT vs TEMPERATURE 



TEMPERATURE (®C) TEMPERATURE (®C) 

FIGURE 10. OFFSET VOLTAGE vs TEMPERATURE FIGURE 11. Vx OFFSET AND BIAS CURRENT vs TEMPERATURE 
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PSRR(dB) SUPPLY CURRENT (mA) 5 CMRR(dB) 


HA-2546 
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TypiCSl Perforrnsnce Curves Vs = ± 15 V. = -1-25^0. see Test circuit For Multiplier Configuration (Continued) 


-55 -25 0 25 50 75 100 

TEMPERATURE C*C) 

FIGURE 20. WORST CASE MULTIPLICATION ERROR vs 
TEMPERATURE 



-65 -25 0 25 50 75 100 125 

TEMPERATURE C*C) 

FIGURE 21. MULTIPLICATION ERROR V8 TEMPERATURE 
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FREQUENCY (Hz) 

FIGURE 22. GAIN VARIATION vs FREQUENCY 
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FIGURE 24. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
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FIGURE 23. SCALE FACTOR vs TEMPERATURE 




Vx CHANNEL 


-50 -40 -20 0 20 40 60 80 100 

TEMPERATURE C*C) 

FIGURE 25. SLEW RATE vs TEMPERATURE 
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Typical Performance Curves Vg = ±i 5 v, t*= 

+25®C, See Tes 

t Circuit For Multiplier Configuration (Continued) 
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-60 -40 -20 0 20 40 60 80 100 120 

2 

( 

2 4 6 8 10 12 14 16 18 20 

TEMPERATURE (®C) 


SUPPLY VOLTAGE (±V) 

FIGURE 26. RISE TIME vs TEMPERATURE 

FIGl 

JRE 27. SUPPLY CURRENT vs SUPPLY VOLTAGE 


AppliCBtions The scale factor can be adjusted from 2 to 5. It should be 

noted that any adjustments to the scale factor will affect the 
Theory of Operation AC performance of the control channel, Vx. The normal input 

The HA-2546 is a two quadrant multiplier with the following ops^ating range of Vx is equal to the scale factor voltage, 

three differential inputs; the signal channel, Vy+ and Vy, the jhe typical multiplier configuration is shown in Figure 28. 

control channel, Vx+ and Vx-, and the summed channel, Vz+ The ideal transfer function for this configuration is: 
and Vz-, to complete the feedback of the output amplifier. 

The differential voltages of channel X and Y are converted to 
differential currents. These currents are then multiplied In a Vqut = 
circuit similar to a Gilbert Cell multiplier, producing a 
differential current product. The differential voltage of the Z 
channel is converted into a differential current which then 
sums with the products currents. The differential “product/ 
sum” currents are converted to a single-ended current and 
then converted to a voltage output by a transimpedance 
amplifier. 




where; 

A =: Output Amplifier Open Loop Gain 

SF = Scale Factor 

Vx. Vy, V 7 = Differential Inputs 


The scale factor is used to maintain the output of the 
multiplier within the normal operating range of ± 5 V. The 
scale factor can be defined by the user by way of an optional 
external resistor, and the Gain Adjust pins. Gain Adjust 
A (GA A), Gain Adjust B (GA B), and Gain Adjust C (GA C). 
The scale factor is determined as follows: 

SF = 2, when GA B is shorted to GA C 

SF = 1.2 Rext» when Rext's connected between 
GA A and GA C (Rext ‘S in kQ) 

SF = 1.2 (Rext ^ •667ki2), when Rext 

connected to GA B and GA C (Rext is in kQ) 



FIGURE 28 
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The Vy. pin is usually connected to ground so that when Vx+ 
is negative there is no signal at the output, i.e. two quadrant 
operation. If the Vy input is a negative going signal the Vy^ 
pin maybe grounded and the Vy. pin used as the control 
input. 

The Vy. terminal is usually grounded allowing the Vy^. to 
swing ±5V. The V 2 + terminal Is usually connected directly to 
VouT to complete the feedback loop of the output amplifier 
while V 2 . Is grounded. The scale factor is normally set to 2 
by connecting GA B to GA C. Therefore the transfer equation 
simplifies to Vqut = (Vx Vy) / 2. 

Offset Adjustment 

The signal channel offset voltage may be nulled by using a 
20kO potentiometer between Vyio Adjust pins A and B and 
connecting the wiper to V-. Reducing the signal channel 
offset will reduce Vy AC feedthrough. Output offset voltage 
can also be nulled by connecting V^. to the wiper of a 20kO 
potentiometer which is tied between V+ and V-. 

Capacitive Drive Capability 

When driving capacitive loads > 20pF, a 500 resistor is 
recommended between Vqut ^i^cI Vz+, using as the 
output (See Figure 28). This will prevent the multiplier from 
going unstable. 

Power Supply Decoupling 

Power supply decoupling is essential for high frequency 
circuits. A 0.01 pF high quality ceramic capacitor at each 
supply pin in parallel with a IpF tantalum capacitor will 
provide excellent decoupling. Chip capacitors produce the 
best results due to the close spacing with which they may be 
placed to the supply pins minimizing lead inductance. 

Adjusting Scale Factor 

The HA-2546 two quadrant multiplier may be configured for 
many uses. Following are examples of a few typical 
applications. 

Adjusting the scale factor will tailor the control signal, Vy. 
input voltage range to match your needs. Referring to the 
simplified schematic on the front page and looking for the Vy 
input stage, you will notice the unusual design. The internal 
reference sets up a 1.2mA current sink for the Vy differential 
pair. The control signal applied to this input will be forced 
across the scale factor setting resistor and set the current 
flowing in the Vy^ side of the differential pair. When the 
current through this resistor reaches 1.2mA, all the current 
available is flowing in the one side and full scale has been 
reached. Normally the 1.67kQ Internal resistor sets the scale 
factor to 2 volts when the Gain Adjust pins B and C are 
connected together, but you may set this resistor to any 
convenient value using pins 16 (GA A) and 15 (GA C). 



MULTIPUER, VouT- VyVy/Z IK ; 

SCALE FACTOR 8 2V t 



MULTIPUER, Vqut = VyVy / 5 1K : 

SCALE FACTOR « 5V x 


Example Application Circuits 

In Figure 30 the HA-2546 is configured In a true Automatic 
Gain Control or AGC application. The HA-5127, low noise op 
amp, provides the gain control level to the X Input. This level 
will set the peak output voltage of the multiplier to match the 
reference level. The feedback network around the HA-5127 
provides stability and a response time adjustment for the 
gain control circuit. 

This multiplier has the advantage over other AGC circuits, in 
that the signal bandwidth is not affected by the control signal 
gain adjustment. 
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The Video Fader circuit provides a unique function. Here Ch B 
is applied to the minus Z Input In addition to the minus Y input. 
In this way, the function In Figure 32 is generated. Viy^ix will 
control the percentage of Ch A and Ch B that are mixed 
together to produce a resulting video image or other signal. 

Many other applications are possible including division, 
squaring, square-root, percentage calculations, etc. Please 
refer to the HA-2556 four quadrant multiplier for additional 
applications. 


FIGURE 30. AUTOMATIC GAIN CONTROL 

A wide range of gain adjustment is available with the Voltage 
Controlled Amplifier configuration shown in Figure 31. Here 
the gain of the HFA0002 is swept from 20VA/ at a control 
voltage of 0.902V to a gain of almost 1000VA/ with a control 
voltage of 0.03V. 



VMix(0Vto2V) 



VouT = Ch B + (Ch A - Ch B) V|^ix / Scale Factor 

Scale Factor = 2 

Vout = AII Ch B; IfV^ix^OV 

VouT = All Ch A; if Vmix = 2V (Full Scale) 

VouT = Mix of Ch A and Ch B; if OV < Vmix < 2V 

FIGURE 32. VIDEO FADER 




REF LEVEL /DIV MARKET 1000 000.00Hz 

O.OOOdB 20.000dB MAG (UDF) 56.431 dB 

180.000deg 45.000deg MARKER 1000 000.000Hz 

PHASE (UDF)177.646deg 
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FIGURE 31. VOLTAGE CONTROLLED AMPLIFIER 
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HA-2547 


March 1993 


Wideband Two Quadrant Analog Multiplier 


Features 

• Low Multiplication Error.1.6% 

• Input Bias Currents.1.2^ 

• Signal input Feedthrough at 5MHz.-50dB 

• Wide Signal Bandwidth.100MHz 

• Wide Control Bandwidth.22MHz 

Applications 

• Military Avionics 

• Missiie Guidance Systems 

• Medical imaging Displays 

• Video Mixers 

• Sonar AGC Processors 

• Radar Signal Conditioning 

• Voltage Controlled Amplifier 

• Vector Generator 

Ordering Information 


Description 

The HA-2547 is a monolithic, high speed, two quadrant, ana¬ 
log multiplier constructed in Harris* Dielectrically Isolated 
High Frequency Process. The high frequency performance 
of the HA-2547 rivals the best analog multipliers currently 
available including hybrids. 

The single-ended current output of the HA-2547 has a 
100MHz signal bandwidth (Rl = 50^i) and a 22MHz control 
input bandwidth. High bandwidth and low distortion make this 
part an ideal component in video systems. The suitability for 
precision video applications is demonstrated further by low 
multiplication error (1.6%), low feedthrough (-50dB), and dif¬ 
ferential Inputs with low bias currents (1.2pA). The HA-2547 is 
also well suited for mixer circuits as well as AGC applications 
for sonar, radar, and medical imaging equipment. 

The current output of the HA-2547 allows it to achieve higher 
bandwidths than voltage output multipliers. An internal feed¬ 
back resistor is provided to give an accurate current-to-volt- 
age conversion and is trimmed to give a full scale output 
voltage of ±5V. The HA-2547 is not limited to multiplication 
applications only; frequency doubling and power detection 
are also possible. 


PART 

NUMBER 


TEMPERATURE 

RANGE _ PACKAGE 

0°C to +75°C 16 Lead Ceramic DIP 

-40°C to +85°C 16 Lead Ceramic DIP 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
Copyright © Harris Corporation 1993 _ qq 
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Specifications HA-2547 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Voltage Between V+ and V- Terminals...... 35V Operating Temperature Range 

Differential Input Voltage.6V HA-2547-9.-40®C ^ T^ ^ +85°C 

Output Current.3mA HA-2547-5 . 0°C ^ T^ +75°C 

Junction Temperature.+175®C Storage Temperature Range.-65®C ^ T;^ ^ +150°C 

Lead Temperature (Soldering 10 Sec.).+300^0 

CAUTION: Stresses above those listed in “Absoluto Maximum Ratings’ may cause permanent damage to the dewce. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specitication is not implied. 


Electrical Specifications V+ = +15v; V- = -15V, R 2 (Pin 1 0) Grounded, unless Otherwise Specified. Pin 14 connected to pin 15 for 
scale factor = 2. 


PARAMETER 


MULTIPLIER PERFORMANCE 


Multiplication Error (Note 2) 


Multiplication Error Drift 


Scale Factor Error 


THD+N (Note 3) 


Output Offset Voltage (Note 4) 


Average Offset Voltage Drift 


SIGNAL INPUT, Vy 


input Offset Voltage 


Average Offset Voltage Drift 


input Bias Current 


Input Offset Current 


Input Differential Resistance 


Input Capacitance 


Small Signal Bandwidth (-3dB) (Notes 5,10) 


Feedthrough (Note 13) 


Differential Input Range 


Common Mode Range 


CMRR (Note 6) 


Vy TRANSIENT RESPONSE 


Rise Time (Note 15) 


Propagation Delay 


CONTROL INPUT, Vx 


Input Offset Voltage 


Average Offset Voltage Drift 


Input Bias Current 


Input Offset Current 


Input Capacitance 





























































































































































Specifications HA-2547 


Electrical Specifications V+ +15V, V- = -15V, R 2 (Pin 10 ) Grounded, Unless otherwise Specified. Pin 14 connected to pin 15 for 
scale factor = 2. (Continued) 


PARAMETER 


Input Differential Resistance 


Small Signal Bandwidth (-3dB) (Notes 5,10) 


Feedthrough (Note 14) 


Input Range (Note 12) 


Common Mode Range 


CMRR (Note 7) 


Vx TRANSIENT RESPONSE 


Rise Time (Note 16) 


Propagation Delay 


OUTPUT CHARACTERISTICS 


Full Scale Output Voltage (Note 8) 


Full Scale Output Current (Note 11) 


Output Capacitance 


Output Resistance 


POWER SUPPLY 


PSRR (Note 9) 



1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions Is not necessarily implied. 

2. Error is percent of full scale, 1% = 50mV. 

3. f = 10kHz, Vy = 1 Vrms. Vx = 2V. 

4. Vx = 0V, Vy = 0V. 

5. Rl = 50Q. 

6. VY = 0to±5V,Vx = 2V. 

7. Vx = 0to2V, Vy = 5V. 

8. Vy = ±5,Vx = 2.5V. 

9. Vs = ±12V to ±15V, Vy = 5V, Vx = 2V. 

10. Guaranteed by sample test and not 100% tested. 

11. Output current tolerance is ±20%. 

12. Scale Factor = 2. See Applications Information. 

13. f = 5MHz, Vx = 0, Vy = 200mVRMs- Relative to full scale output. 

14. f = 5MHz, Vy = 0, Vx+ = 200mVRMs. Vx- = -0.5V. Relative to full scale output. 

15. Vy := ±5V, Vx = 2V. Rl =: 50Q. 

16. Vx = 0 to 2V. Vy = 5V, Rl = 500. 


Die Characteristics 

Transistor Count.75 

Die Dimensions.79.9 x 119.7 x 19 mils 

(2030 X 3040 X 4804m) 

Substrate Potential*.V- 

Process.High Frequency, Bipolar, Dl 

Passivation.Nitride 


Thermal Constants (°C/W) 
HA1-2547 . 


The substrate maybe left floating (Insulating Die Mount) or It may 
be on a conductor at V- potential. 
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SUPPLY CURRENT (mA) ^ CMRR (dB) 3 CURRENT (nA) 


Typical Performance Curves Vg=±i5v, t* =+2500 (Continued) 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (^C) 

JURE 10. Vy OFFSET/BIAS CURRENT vs TEMPERATURE 



TEMPERATURE (®C) 

FIGURE 11. Vx OFFSET/BIAS CURRENT vs TEMPERATURE 
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GURE 12. SIGNAL/CONTROL CMRR vs TEMPERATURE 
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HA-2547 



Applications Information 

Theory of Operation 

The HA-2547 is a current output, two quadrant multiplier with 
one differential signal channel. Vy+ and V>r, and one differ¬ 
ential control channel, Vx+ and Vx*. Figure 20 shows a 
detailed functional block diagram of the HA-2547. The differ¬ 
ential voltages of channels Vx and Vy are converted to differ¬ 
ential currents. These differential currents are then multiplied 
in a circuit similar to a Gilbert Cell multiplier, producing a dif¬ 
ferential current product. The differential product currents 
are then converted to a single-ended output current which is 
typically 2mA, ±20% at full scale (Vx = 2V, Vy = ±5V). A 
trimmed Internal scaling resistor, R^, is designed to convert 
the output current to an accurate voltage by grounding R 2 
(pin 10). Rz is trimmed such that at full scale output current 
the voltage drop across R^ will be ±5.0V. 


STABLE 
REFERENCE 
AND BIAS 


MULTIPLIER 

CORE 
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HA-2547 


The transfer equation for the HA-2547 is: 
^OUT ■" 


SF s= Scale Factor 
Rz = 2.5kV (Internal) 

Vx, Vy = Differential Inputs 

The scale factor is used to maintain the output of the multi¬ 
plier within the normal operating range of ±5V. The scale fac¬ 
tor can be defined by the user by way of an optional external 
resistor, R^xt. f^e Gain Adjust pins: Gain Adjust A (GA 
A), Gain Adjust B (GA B), and Gain Adjust C (GA C). The 
scale factor is determined as follows: 

SF = 2, when GA B is shorted to GA C 

SF »(1.2)(R0(j), when R^xt's connected between GA A 
and GA C (Rext's in kQ) 

SF» (1.2)(Rext + 1.667ki2), when Rext is connected to 
GA B and GA C (Rext is in ki2). 

The scale factor can be adjusted from 2 to 5. It should be 
noted that any adjustments to the scale factor will affect the 
AC performance of the control channel, Vx- The normal input 
operating range of Vx is equal to the scale factor value. 

A typical multiplier configuration is shown in Figure 21. The 
ideal transfer function for this configuration is shown below, 
illustrating two quadrant operation: 


Rz is normally used as a feedback resistor for an external op 
amp to provide an accurate current-to-voltage conversion. 
The scale factor is normally set to 2 by connecting GA B to 
GA C. Therefore, the transfer function becomes: 

(v ) (v ) 

x+^ Y+^ 


The multiplication error is trimmed to be minimum at full 
scale, Vx = 2V and Vy = ±5V. When Vy = ±5V, the worst case 
multiplication error occurs when Vx « 0.8V (Refer to typical 
performance curves). 





when (Vx+~V^ ) >0 


= 0, when (Vx,. “”Vw ) <0 


The Vx- pin is usually connected to ground so that when Vx+ 
is negative there Is no signal at the output, i.e. two quadrant 
operation. If the Vx Input is a negative going signal the Vx+ 
pin maybe grounded and the Vx* pin used as the input. The 
Vy terminal is usually grounded allowing Vy+ to swing ±5V. 


Operation At Various Suppiy Voitages 

The HA-2547 will operate over a range of supply voltages, 
±8V to ±15V. Use of supply voltages below ±12V will cause 
degradation of electrical parameters. 

Offset Adjustment 

The signal channel offset voltage may be nulled by using a 
20K potentiometer between Vyio Adjust pins A and B and 
connecting the wiper to V-. Reducing the signal channel off¬ 
set voltage will reduce Vx AC feedthrough and improve the 
multiplication error. 
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Wideband Four Quadrant 
Voltage Output Analog Multiplier 


Features 

• High Speed Voltage Output...420V/^8 


Low Multiplication Error . 


Input Bias Currents. 


5MHz Feedthrough. 

Wide X and Y Channel Bandwidth . 


• Vy 0.2dB Gain Ratness. 


Applications 

• Military Avionics 

• Missiie Guidance Systems 

• Medicai Imaging Dispiays 

• Video Mixers 

• Sonar AGC Processors 

• Radar Signal Conditioning 

• Voitage Controiled Ampiifier 

• Vector Generator 


Description 

The HA-2556 is a monolithic, high speed, four quadrant, 
analog multiplier constructed in the Harris Dielectrically Iso¬ 
lated High Frequency Process. The high frequency perfor¬ 
mance of the HA-2556 rivals the best analog multipliers 
currently available Including hybrids. 

The HA-2556 has a voltage output X and Y channel band¬ 
width of 65MHz, and a 420V/ps slew rate. High bandwidth 
and slew rate make this part an Ideal component for use In 
video systems. The suitability for precision video applica¬ 
tions is demonstrated further by the 0.2dB gain flatness to 
8.5MHz, 1.5% multiplication error, -50dB feedthrough and 
differential inputs with 8pA bias currents. The HA-2556 also 
has low differential gain (0.1%) and phase (0.1°) errors. 

The HA-2556 is well suited for AGC circuits as well as mixer 
applications for sonar, radar, and medical imaging equip¬ 
ment. The voltage output of the HA-2556 simplifies many 
designs by eliminating the current-to-voltage conversion 
stage required for current output multipliers. 

For MIL-STD-883 compliant product consult the HA-2556/ 
883 datasheet. 

Ordering Information 


PART 

NUMBER 


HA9P2556-9 


TEMPERATURE 

RANGE PACKAGE 

-40°C to +85°C 16 Lead Plastic DIP 


-40°C to +85°C 


16 Lead SOIC 


-40°C to +85°C 16 Lead Ceramic DIP 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2556 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage Between V+ and V- Terminals.35V Operating Temperature Range 

Differential input Voltage....6V HA-2556-9.-40°C ^ Ta ^ +85°C 

Output Current.±60mA Storage Temperature Range.-65®C ^ Ta ^ +150°C 

Junction Temperature.+175®C 

Junction Temperature (Plastic Packages).+150°C 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses abow those listed In “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions aPovs t/iosa indicated in the qperational sections of this specification is not implied. 


Electrical Specifications V+ = 15V, V- = -15V, Rl = 1K, = 20pF, unless otherwise Specified 


PARAMETER 


MULTIPLIER PERFORMANCE 


Multiplication Error (Note 2) 


Multiplication Error Drift 


Linearity Error (Vx, Vy = ±3V) 


Linearity Error (Vx, Vy = ±4V) 


Linearity Error (Vx, Vy = ±5V) 


Differential Gain (Note 3,8) 


Differential Phase (Note 3,8) 


Vy 0.2dB Gain Flatness (Note 8) 


Vx 0.2dB Gain Flatness (Note 8) 


Scale Factor 


THD + N(Note4) 


Voltage Noise (Note 9) 


f=10Hz 


f=100Hz 


f=1kHz 


SIGNAL INPUT, Vx, Vy, V^ 


Input Offset Voltage 


Average Offset Voltage Drift 


Input Bias Current 


Input Offset Current 


Differential Input Resistance 


5MHz Feedthrough 


Differential Input Range 


% 


% 


%/°c 


% 


% 


% 


% 


Deg. 


MHz 


MHz 
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Electrical Specifications v+ = 1 sv, v- = -1 sv, i k, Cl = 20 pF, unless otherwise specified (Continued) 





1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operation under any of these conditions is not necessarily implied. 

2. Error is percent of full scale, 1% = 50mV. 

3. f = 4.43MHz, Vy = 300mVp.p, 0 to 1 Vdc offset, Vy = 5V. 

4. f = 10kHz, Vy = 1 Vrms. Vx = 5V. 

5. VouT = 0to±4V. 

6- Vqut = 0 to ± 10OmV. 

7. Vs = ±12Vto±15V. 

8. Guaranteed by characterization and not 100% tested. 

9. Vx = Vy = 0. 

10. Vx = 5.5V, Vy = ±5.5 
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HA-2556 


Functional Block Diagram 



The transfer equation for the HA-2556 Is: 

(Vx+ - Vx-) (Vy+ - \/r) = SF (V 2 + - Vz-). 

where SF = Scale Factor = 5V Vx, = Differential Inputs. 


Applications Information 

Operation at Reduced Supply Voltages 

The HA-2556 will operate over a range of supply voltages, 
±5V to ±15V. Use of supply voltages below ±12V will cause 
degradation of electrical parameters. 

Offset Adjustment 

The channel offset voltage may be nulled by using a 20K 
potentiometer between the Vyio or Vxio adjust pin A and B 
and connecting the wiper to V-. Reducing the channel offset 
voltage will reduce AC feedthrough and improve the multipli¬ 
cation error. Output offset voltage can also be nulled by con¬ 
necting Vz- to the wiper of a potentiometer which is tied 
between V+ and V-. 

Capacitive Drive Capability 

When driving capacitive loads >20pF a 50Q resistor should 
be connected between Vquj and Vz+, using V 2 + as the out¬ 
put (see Figure 1). This will prevent the multiplier from going 
unstable due to the pole created by the load capacitor and 
reduce gain peaking at high frequencies. 
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HA-2557 


March 1993 


Wideband Four Quadrant 
Current Output Analog Multiplier 


Features 

• Low Multiplication Error.1.5% 

• Input Bias Currents.8|xA 

• Y Input Feedthrough @ 5MHz... -50dB 

• Wide X and Y Channei Bandwidth.100MHz 

Applications 

• Military Avionics 

• Missile Guidance Systems 

• Medical Imaging Displays 

• Video Mixers 

• Sonar AGC Processors 

• Radar Signal Conditioning 

• Voltage Controlled Amplifier 

• Vector Generator 

Ordering Information 

I PART I TEMPERATURE I I 


HA9P2557-9 


-40°C to +85°C 16 Lead Plastic DIP 

-40°C to +85°C 16 Lead Widebody SOIC 


-40°C to +85°C 16 Lead Ceramic DIP 


Description 

The HA-2557 is a monolithic, high speed, four quadrant, 
analog multiplier constructed in Harris’ Dielectrically Isolated 
High Frequency Process. The high frequency performance 
of the HA-2557 rivals the best analog multipliers currently 
available including hybrids. 

The single-ended current output of the HA-2557 has a 
100MHz signal bandwidth (R|_ = 50Q). High bandwidth and 
low distortion make this part an ideal component in video 
systems. The suitability for precision video applications is 
demonstrated further by low multiplication error (1.5%), low 
feedthrough (-50dB), and differential inputs with low bias 
currents (Sp-A). The HA-2557 is also well suited for mixer 
circuits as well as AGC applications for sonar, radar, and 
medical imaging equipment. 

The current output of the HA-2557 allows it to achieve higher 
bandwidths than voltage output multipliers. Full scale output 
current is trimmed to 1.6mA. Art internal 2500i2 feedback 
resistor is also provided to accurately convert the current, if 
desired, to a full scale output voltage of ±4V. The HA-2557 is 
not limited to multiplication applications only; frequency dou¬ 
bling and power detection are also possible. 

For MIL-STD-883 compliant product consult the HA-2557/ 
883 datasheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2557 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Voltage Between V+ and V- Terminals.35V Operating Temperature Range 

Differential Input Voltage.....6V HA-2557-9.-40°C ^ Ta ^ +85°C 

Output Current.3mA Storage Temperature Range.-65®C ^ Ta ^ +150°C 

Junction Temperature....+175®C 

Junction Temperature (Plastic Packages).+150®C 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the dewce. This is a stress only rating and operation 
of Oie device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectrical Specifications V+ » +15V, V- -1SV, Unless otherwise Specified 



Average Offset Voltage Drift 


Input Bias Current 


Input Offset Current 


Differential Input Resistance 


Small Signal Bandwidth (-3dB) (Note 5) 


Y Input Feedthrough (Note 8) 


Differential Input Range 


Common Mode Range 


CMRR (Note 6) 


Vx, Vy TRANSIENT RESPONSE (Note 5) 



Propagation Delay 


OUTPUT CHARACTERISTICS 


Full Scale Output Compliance Voltage 


Full Scale Output Cunent 


Internal Resistor (R^) 


Output Resistance (±10V) 
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UV S E M S C C N D U C T O R 

PRELIMINARY 

March 1993 


Features 

• Single Supply Operation® 32kHz.2.0V to 7.0V 

• Operating Frequency Range.10kHz to 10MHz 

• Supply Current at 32kHz...5)iA 

• Supply Current at 1MHz.130^A 

• Drives 2 CMOS Loads 

• Only Requires an External Crystal for Operation 

Applications 

• Battery Powered Circuits 

• Remote Metering 

• Embedded Microprocessors 

• Palm Top/Notebook PC 


HA7210 

Low Power Crystal Oscillator 


Description 

The HA7210 Is a very low power crystal-controlled oscillator 
that can be externally programmed to operate between 
10kHz and 10MHz. For normal operation it requires only the 
addition of a crystal. The part exhibits very high stability over 
a wide operating voltage and temperature range. 

The HA7210 also features a disable mode that switches the 
output to a high impedance state. This feature is useful for 
minimizing power dissipation during standby and when multi¬ 
ple oscillator circuits are employed. 

Ordering Information 


PART 

NUMBER 

HA7210IP 

HA7210IB 

HA7210Y 


TEMPERATURE 

RANGE 

-40°C to +85°C 
-40®C to +86‘'C 
-40®C to +85®C 


PACKAGE 

8 Lead Plastic DIP 
8 Lead SOIC 
DIE 


Pinout 

Vdo E 

HA7210 
TOP VIEW 

T] ENABLE 

CRYSTAL |T 


T] FREQ 2 

CRYSTAL [T 


T] FREQ1 

Vss E 


T] OUTPUT 

FREQUENCY SELECTION TRUTH TABLE 


ENABLE I FREQ1 | FREQ 2 OUTPUT RANGE 


10kHz-100kHz 


100kHz-1MHz 


1MHz-5MHz 


5MHz - 10MHz 


HIgh-Z 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow pifoper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 -r h nvi 
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Specifications HA7210 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage.10.0V Operating Temperature (Note 3).-40°C to +85°C 

Voltage (any pin).Vss-0.3V to Vqo+ 0.3V Storage Temperature Range.-65°C to +150°C 

Junction Temperature (Plastic Package).+150°C 

ESD Rating (Note 2).>4000V 

Lead Temperature (Soldering 10 Sec.).+3(X)®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the qperationai sections of this specification is not impiied. 


Electrical Specifications Vod == 5V. Vss = GND. Ta = +25^0. Unless otherwise Specified. 



Vqd Supply Range (fosc = 32kHz) 


Idd Supply Current 

fosc = 32kHz, Vdd = 5V, EN = 0 Standby 


fosc = 32kHz, Vdd = 5V, Cl = 10pF (Note 1), EN = 1, Freql = 1, Frec|2 = 1 


fosc = 32kHz, Vdd = 5V, Cl = 40pF, EN = 1, Freql = 1, Freq2 = 1 


fosc = 32kHz, Vdd = 3V, Cl = lOpF (Note 1), EN = 1, Freql = 1, Freq2 = 1 


fosc = 32kHz, Vdd = 3V, Cl = 40pF, EN = 1, Freql = 1, Freq2 = 1 


fosc = 1MHz, Vdd = 5V, Cl = lOpF (Note 1), EN = 1, Freql = 0, Freq2 = 1 


fosc = 1MHz, Vdd = 5V, Cl = 40pF, EN = 1, Freql = 0, Freq2 = 1 


fosc = 1MHz, Vdd = 3V, Cl = lOpF (Note 1), EN = 1, Freql = 0, Freq2 =* 1 


fosc = 1 MHz, Vdd = 3V, Cl = 40pF, EN = 1, Freql = 0, Freq2 = 1 


Vqh Output High Voltage (Iqut = -1niA) 


VoL Output Low Voltage (Iqut = IniA) 


Iqh Output High Current (Vqut ^ 4V) 


Iql Output Low Current (Vqut ^ 0-4V) 


liN Enable, Freql, Freq2 Input Current (Vim = Vss to Vdd) 


V|H Input High Voltage Enable, Freql, Freq2 


V|L Input Low Voltage Enable, Freql, Freq2 


tp Output Rise Time (10% - 90%, fosc = 32kHz, Cl = 40pF) 


tp Output Rise Time (10% - 90%, fosc = 1MHz, Cl = 40pF) 


tp Output Fall Time (10% - 90%, fosc = 32kHz, Cl = 40pF) 


\p Output Fail Time (10% - 90%, fosc = 1MHz, Cl = 40pF) 


Duty Cycle (Cl = 40pF) fosc = 32kHz, Packaged Part Only (Note 4) 


Frequency Stability vs. Supply Voltage (fosc = 32kHz, Vdd = Cl=10pF) 


Frequency Stability vs. Temperature (fosc = 32kHz, Vdd = 6V, Cl=10pF) 


Frequency Stability vs. Load (fosc = 32kHz, Vdd = 5V, Cl=10pF) 


NOTES: 

1. Calculated using the equation Idd = Idd (No Load) + (Vdd) (1osc)(Cl) 

2. Human body model. 

3. This product is production tested at +25°C only. 

4. Duty cycle will vary with supply voltage, oscillation frequency, and parasitic capacitance on the 



crystal pins. 
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Die Characteristics 

DIE DIMENSIONS: 

68 X 64 X 14± 1mils 

METALLIZATION: 

Type: Si-Al 
Thickness: 10kA ± 1 kA 

GLASSIVATION: 

Type: Nitride (Si 3 N 4 ) Over Silox (Si02, 3% Phos) 
Silox Thickness: 7kA ± 1 kA 
Nitride Thickness: 8kA ± 1kA 

DIE ATTACH: 

Material: Silver Epoxy - Plastic DIP and SOIC 

SUBSTRATE POTENTIAL: Vgs 

Metallization Mask Layout 


CRYSTAL (2) 


CRYSTAL (3) 



(7) FREQ 2 


(6) FREQ 1 
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Features 

• High Digital Data Rate.500MHz 

• Very Rist Slew Rate. 2500V/^8 

• Very Rist Rise/Fall Times.SOOps 

• Wide Output Range.-i-TV to -2V 


• Precise 500 Output impedance 

• High Impedance, Tri-State Output Control 

Applications 

• 1C Tester Pin Electronics 

• Pattern Generators 

• Pulse Generators 

• Built-In Test Equipment (BITE) 

• Level Comparator/Translator 


HFA5250 


Ultra High-Speed Monolithic Pin Driver 

Description 

The HFA5250 is the ideal monolithic pin driver solution for high 
performance test systems. The device will switch at high data 
rates between two input voltage levels providing variable ampli¬ 
tude pulses. The output impedance is trimmed to achieve a pre¬ 
cision 500 source for impedance matching. Two differential ECL/ 
TTL compatible inputs control the operation of the HFA5250, one 
controlling the V^iqh/Vlow switching and the other controlling 
the output’s high-impedance state. The HFA5250's 500MHz data 
rate makes it compatible with today’s high-speed VLSI test 
systems and the +7V to -2V output swing allows testing of all 
common logic failles. 

The HFA5250 is manufactured in the Harris proprietary comple¬ 
mentary bipolar process and is offered in 28-lead SOIC 
package. 


Ordering Information 


PART 

TEMPERATURE 


NUMBER 

RANGE 

PACKAGE 

HFA5250CB 

0°C to +50°C Without Air Row 

28 Lead SOIC 


0°C to +70®C With 400 Ifpm Air 
Flow 



Pinout 


Switches Shown in the “1” State. 


HFA5250 
TOP VIEW 



'AUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures, 
vright © Harris Corporation 1 993 7 108 
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Specifications HFA5250 


Absolute Maximum Ratings 

Supply Voltage.17.0V 

Differential Input Voltage.5.0V 


Thermal Information 

Thermal Resistance 0ja, Still Air 0ja, 400 Ifpm 0jc 

Plastic SOIC Package.... 7b°C/W 53°C/W 21°C/W 


Output Current Continuous...160mA (Note 1) Maximum Package Power Dissipation 

Operating Temperature Range.0°C to +70°C piastic SOIC Package with still air at 50°C.1.43W 

Storage Temperature Range.-65®C to +150°C piastic SOIC Package with 400 Ifpm air at 70°C.1.50W 

Maximum Junction Temperature.+175®C 

Maximum Junction Temperature (Plastic Package).+150°C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Characteristics Vcc » +10V, V^e = *5.2V. unless otherwise Specified 


INPUT CHARACTERISTICS (Vhigh- Vlow) 


Vhigh Input Offset Voltage (Vhigh = 0) 


Vlow Input Offset Voltage (Vlow = 0) 


Vhigh Input Bias Current (Vhigh = 5V) 


Vlow Input Bias Current (Vlow = OV) 


^ Voltage Range 


/ Voltage Range 


HIGH to Vlow Differential Voltage Range 


Input Resistance (V|n = -2V to 7V) 


Input Capacitance 


Input Noise voltage (10Hz - 1MHz) 


LOGIC INPUT CHARACTERISTICS (Data, Data, HiZ, HIZ) 


Input Offset Voltage 


Input Voltage Range 

(Note 5) 


Input High Current (V,h = OV, V,l = -2V) 


Input Low Current (V|h = OV, V|l = -2V) 


Common Mode Input Resistance (Vq^ = -2V to 7V) 


Differential Input Resistance (Voipp = OV to 5V) 


input Capacitance 


TRANSFER CHARACTERISTICS 


Vhiqh/Vlow Voltage Gain (Vhigh» Vlow = OV to 5V) 


Vhigh/Vlow Linearity Error (Vhigh. Vlow = OV to 5V, FS = 5V) 


Vhigh/Vlow Linearity Error (Vhigh. Vlow = -2V to TV, FS = 9V) 


Vhigh^low “OciB Bandwidth (200mVp.p) 


SWITCHING CHARACTERISTICS (4oad = 10 Inches of RG-58, Vhigh = 3V, Vlow 


Propagation Delay (Note 2) 


Propagation Delay Jitter, 1 Sigma 


Propagation Delay Match (Rising vs Falling Edge, Note 2) 
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Specifications HFA5250 


Electrical Characteristics Vcc = +10V, = ■5.2V, unless otherwise Specified (Continued) 


PARAMETERS 


Propagation Delay vs Duty Cycle (2.5% to 97.5%, 2(X)ns Period) 


Active to HiZ Delay (Measured 50% to 10% Points) 


HiZ to Active Delay (Measured 50% to 10% Points) 


Data Rate (1 Vp-p, 50% Duty Cycle, 90% Amplitude) 


TRANSIENT RESPONSE (Zlqad = 16 Inches of RG-58 Terminated with 5pF) 


Slew Rate (-1V to +6V) 


Rise/Fall Time (1 Vp.p, 20%-80%) 


Rise/Fall Time (3 Vp.p, 10%-90%) 


Rise/Fall Time (5 Vp.p, 10%-90%) 


Rise/Fall Time Match (Note 2) 


Overshoot/Undershoot/Preshoot (3 Vp.p) 


Data Settling Time 1% (Note 3) 


Vhigh/Vlow Settling Time 1% (Note 3) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing, No Load 


Output Voltage Swing Rl = 50Q 


Output Resistance - Active (-2V to 7V) 


Output Resistance - HiZ (-2V to 7V) 


HiZ Output Voltage Compliance 


Output Leakage - HIZ (-2V to 7V) 


Output Capacitance - HiZ 


POWER SUPPLY CHARACTERISTICS 


Vhiqh Power Supply Rejection Ratio (Note 4) 


Vlow Power Supply Rejection Ratio (Note 4) 


Data/HiZ Power Supply Rejection Ratio 


Total Supply Current 


•cci/Ieei Supply Current 


•cc 2 /Iee 2 Supply Current 


Supply Voltage Range (Vcc * ^ee) 


Power Dissipation (Vcc = 10V, Vee = -5.2V, No Load) 


1. Internal Power Dissipation may limit Output Current below 160mA. 

2. 3V Step, 50% duty cycle, 200ns period. 

3. 3V Step, measured from 50% of input to ±1 % of final value, final value is at 50ns. 

4. Vhigh = 2.6V, Vlow = 2.4V, Vcc = 9V to 10V, Vee = -4.2V to -5.2V. 

5. Operation above total supply voltage of 15.2V is not recommended. See specification under Power Supply Characteristics. 
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HFA5250 


Die Characteristics 

DIE DIMENSIONS: 

1990)xm X 1530M,m x 525|xm ± 25.4)j,m 

GLASSIVATION: 

Nitride, 4kA ± O.SkA 

METALLIZATION: 

Type; Metal 1: AICu(2y^/TiW 
Thickness: Metal 1: 8kA ± 0.4k A 

Type: Metal 2: AICu(2%) 

Thickness: Metal 2:16kA ± O.SkA 

DIE ATTACH: 

Material: Epoxy 

Metallization Mask Layout 



(13) (14) (15) (16) 
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ICL8013 


March1993 


Features 

• Accuracy of ±0.5% (“A” Version) 

• Full±10Vlnput Voltage Range 
« 1MHz Bandwidth 

• Uses Standard ±15V Suppiies 

• Built-In Op Amp Provides Levei Shifting, Division and 
Square Root Functions 


Four Quadrant Analog Multiplier 


Description 

The ICL8013 is a four quadrant analog multiplier whose out¬ 
put is proportional to the algebraic product of two input sig¬ 
nals. Feedback around an internal op amp provides level 
shifting and can be used to generate division and square 
root functions. A simple arrangement of potentiometers may 
be used to trim gain accuracy, offset voltage and 
feedthrough performance. The high accuracy, wide band¬ 
width, and increased versatility of the iCL8013 make it ideal 
for all multiplier applications in control and instrumentation 
systems. Applications include RMS measuring equipment, 
frequency doublers, balanced modulators and demodula¬ 
tors, function generators, and voltage controlled amplifiers. 


Ordering Information 


PART NUMBER 


ICL8013AM TX 


ICL8013BM TX 


ICL8013CM TX 


ICL8013ACTX 


ICL8013BC TX 


ICL8013CCTX 


MULTIPLICATION ERROR 



TEMPERATURE RANGE 

PACKAGE 

-55°C to+125°C 

10 Pin TO-100 Can 

-55“C to+12500 

lOPinTO-IOOCan 

-55°C to +125°C 

10 Pin TO-100 Can 

0®Cto+70°C 

10 Pin TO-100 Can 

0®C to +70°C 

10 Pin TO-100 Can 

0°CtO+70®C 

10 Pin TO-100 Can 


Pinout 


ICL8013 
(TO-100 CAN) 
TOP VIEW 


Functional Diagram 


MULTIPLEXER 


YinM 

V+@ 

Z|N@ 
OUTPUT W 


COZos 

^GND 


X|N—I VOLTAGE TO CURRENT 
I CONVERTER AND 
Xoa—I SIGNAL COMPRESSION 


BALANCED 
VARIABLE GAIN 

AMPLIFIER 


VOLTAGE TO CURRENT 
CONVERTER 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 7 i i o 
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Specifications iCL8013 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage.±18V Operating Temperature Range 

Power Dissipation (Note 1). 500mW ICL8013XC.0°C to +70°C 

Input Voltages (X,n, Y,n, Z,n, Xqs, Yqs, Zqs).Vsupply >^18013XM.-55°C to +125°C 

Lead Temperature (Soldering 10 Sec.).+300®C Storage Temperature Range.-65°C to +150°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operationai sections of this specification is not implied. 


Electrical Specifications Ta= +25°C, Vsupply = ±15V, Gain and Offset Potentiometers Externally Trimmed, Unless Otherwise 
Specified 


PARAMETER 


Multiplier Function 


Multiplication Error 


Divider Function 


TEST 

CONDITIONS 



-10<X<10 

-10<Y<10 


0.5 

n 


1.0 

n 


2.0 

% Full Scale 



Feedthrough 


Non-Linearity 
X Input 


Frequency Response Small 
Signal Bandwidth (-3dB) 


Full Power Bandwidth 


Slew Rate 


1% Amplitude Error 


1% Vector Error (0.5° Phase Shift) 


Settling Time 

(to ±2% of Final Value) 


Overload Recovery 
(to ±2% of Final Value) 


Output Noise 


Input Resistance 
X Input 


X = 0, Y = ±10V 


Y = 0,X = ±10V 


X = 20Vp.p 
Y= ±10Vdc 


Y = 20Vp.p 
X= ±10Vdc 


—■ 


% Full Scale 


% Full Scale 


mV 


mV 



5Hz to 10kHz 


5Hz to 5MHz 



Input Bias Current 
X or Y Input 


Z Input 


Power Supply Variation 
Multiplication Error 


Output Offset 


Scale Factor 


Quiescent Current 




0.1 


3.5 6.0 
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Specifications ICL8013 


Electrical Specifications +25°C, Vsuppiy = ±1 SV, Gam and offset Polentlonnetets Externally Trinomed, Unless Otherwise 
Specified (Continued) 


TEST 

CONDITIONS 


PARAMETER 


THE FOLLOWiNG SPECIFICATIONS APPLY OVER THE OPERATING TEMPERATURE RANGES 




-10V<X,N<10V, 
-10V<Y|n< 10V 


Multipiicatbn Error 


Average Temp. Coefficients 
Accuracy 


Output Offset 


Scale Factor 


Input Bias Current 
X or Y Input 


Z input 


Input Voltage (X, Y, or Z) 


Output Voltage Swing Ri, ^ 2kO 

Cl<1000pF 


NOTE: 1. Derate at 6.8mW/°C for operation at ambient temperature above +75®C. 


UNITS 


% Full Scale 


Typicai Performance Curves 


■ 


nil 

iiiiiii 



nil 

IBMI 




lllll 



111 

III 11 



iiiiiiiiiiiii 


■■■11 

IHII 


IHII 


IK 10K 100K 1M 10M 100 1K 10K 100K 

FREQUENCY {Hz) FREQUENCY (Hz) 

FIGURE 1. AMPLITUDE AND PHASE AS A FUNCTION OF FIGURE 2. NONLINEARITY AS A FUNCTION OF FREQUENCY 

FREQUENCY 


X«0,Y»20Vp.p 


10K 100K 


Y - 0, X « 20Vp.p 

1M 10M 


FREQUENCY (Hz) 

FIGURE 3. FEEDTHROUGH AS A FUNCTION OF FREQUENCY 
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Detailed Description 

The fundamental element of the ICL8013 multiplier is the 
bipolar differential amplifier of Figure 4. 



FIGURE 4. DIFFERENTIAL AMPLIFIER 

The small signal differential voltage gain of this circuit is given by 


^ . 1 kT 

Substituting rp = — = — 

9m Q^e 


= V,m(7^) = V,, 


kT 


The output voltage is thus proportional to the product of the 
input voltage V|n and the emitter current Ie. In the simple 
transconductance multiplier of Figure 5, a current source 
comprising Q 3 , D^, and Ry is used. If Vy is large compared 
with the drop across Di, then 
Vy 

'd^r;; = 2 lEand 

qR, 

VniiT = -(Vv • Vv) 

OUT kTRv ^ Y 


» Vout = K(Vx*Vy) 


“■a 

—r- i'D ''V 


c 

Vd.-^D| 

qRL 

V 0 UT= 7;^ (Vx*Vy) 

V-A 


IcTRy 


The first problem relates to the method of converting the Vy 
voltage to a current to vary the gain of the Vx differential pair. A 
better method, Figure 6 , uses another differential pair but with 
considerable emitter degeneration. In this circuit the differential 
input voltage appears across the common emitter resistor, pro¬ 
ducing a current which adds or subtracts from the quiescent 
current in either collector. This type of voltage to current con¬ 
verter handles signals from OV to ±10V with excellent linearity. 



FIGURE 6 . VOLTAGE TO CURRENT CONVERTER 

The second problem is called feedthrough; i.e. the product of 
zero and some finite Input signal does not produce zero out¬ 
put voltage. The circuit whose operation is illustrated by Fig¬ 
ures 7A, B, and C overcomes this problem and forms the 
heart of many multiplier circuits in use today. 

This circuit is basically two matched differential pairs with 
cross coupled collectors. Consider the case shown in Figure 
7A of exactly equal current sources basing the two pairs. 
With a small positive signal at V|n, the collector current of 
and Q 4 will increase but the collector currents of Q 2 and Q 3 
will decrease by the same amount. Since the collectors are 
cross coupled the current through the load resistors remains 
unchanged and independent of the V|n input voltage. 

In Figure 7B, notice that with Vim = 0 any variation in the ratio of 
biasing current sources will produce a common mode voltage 
across the load resistors. The differential output voltage will 
remain zero. In Figure 7C we apply a differential Input voltage 
with unbalanced current sources. If Iei is twice Ie 2 the gain of 
differential pair and Q 2 is twice the gain of pair Q 3 and Q 4 . 
Therefore, the change in cross coupled collector currents will 
be unequal and a differential output voltage will result. By 
replacing the separate biasing current sources with the voltage 
to current converter of Figure 6 we have a balanced multiplier 
circuit capable of four quadrant operation (Figure 8 ). 




FIGURE 5. TRANSCONOUCTANCE MULTIPLIER 

There are several difficulties with this simple modulator: 

1. Vy must be positive and greater than Vq. 

2 . Some portion of the signal at Vx will appear at the output 
unless Ie = 0 . 

3. Vx must be a small signal for the differential pair to be linear. 

4. The output voltage is not centered around ground. 



FIGURE 7A. INPUT SIGNAL WITH BALANCED CURRENT 
SOURCES AVout = OV 
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v+ 



FIGURE 7B. NO INPUT SIGNAL WITH UNBALANCED CURRENT 
SOURCES AVqut » OV 


V+ 



FIGURE 7C. INPUT SIGNAL WITH UNBALANCED CURRENT 
SOURCES, DIFFERENTIAL OUTPUT VOLTAGE 


V+ 



This circuit of Figure 8 still has the problem that the input 
voltage Vn^i must be small to keep the differential amplifier in I 
the linear region. To be able to handle large signals, we need 
an amplitude compression circuit. 

Figure 5 showed a current source formed by relying on the 
matching characteristics of a diode and the emitter base 
junction of a transistor. Extension of this idea to a differential 
circuit is shown in Figure 9A. In a differential pair, the input 
voltage splits the basing current in a logarithmic ratio. (The 
usual assumption of linearity is useful only for small signals.) 
Since the input to the differential pair In Figure 9A is the dif¬ 
ference in voltage across the two diodes, which in turn is 
proportional to the log of the ratio of drive currents, it follows 
that the ratio of diode currents and the ratio of collector cur¬ 
rents are linearly related and independent of amplitude, if we 
combine this circuit with the voltage to current converter of 
Figure 6 , we have Figure 9B. The output of the differential 
amplifier is now proportional to the input voltage over a large 
dynamic range, thereby improving linearity while minimizing 
drift and noise factors. 

The complete schematic is shown in Figure 10. The differen¬ 
tial pair 63 and Q 4 form a voltage to current converter whose 
output is compressed in collector diodes and Q 2 These 
diodes drive the balanced cross-coupled differential amplifier 
Qy/Qs Q14/Q15. The gain of these amplifiers Is modulated by 
the voltage to current converter Qg and Qiq. Transistors Q5, 
Qe, Q 11 , and Q 12 are constant current sources which bias 
the voltage to current converter. The output amplifier com¬ 
prises transistors Q^e through Q 27 . 

Multiplication 

in the standard multiplier connection, the Z terminal is con¬ 
nected to the op amp output. All of the modulator output cur¬ 
rent thus flows through the feedback resistor R27 and 
produces a proportional output voltage. 

Multiplier Trimming Procedure 

1. Set X||y| = Y||sj = OV and adjust Zqs for zero Output. 

2. Apply a ±10V low frequency (^lOOHz) sweep (sine or trian¬ 
gle) to Y|n with X|N = OV, and adjust Xqs for minimum output. 

3. Apply the sweep signal of Step 2 to Xn^i with = OV and 
adjust Yqs for minimum Output. 

4. Readjust Zqs as in Step 1, if necessary. 

5. With X|N = 10.0V DC and the sweep signal of Step 2 ap¬ 
plied to Y|n, adjust the Gain potentiometer for Output 
Y|}s|. This is easily accomplished with a differential scope 
plug-in (A+B) by inverting one signal and adjusting Gain 
control for (Output - Y|n) = Zero. 


FIGURE 8. TYPICAL FOUR QUADRANT MULTIPLIER- 
MODULATOR 









ICL8013 
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Division 

if the Z terminal is used as an input, and the output of the op 
amp connected to the Y input, the device functions as a 
divider. Since the input to the op amp is at virtual ground, 
and requires negligible bias current, the overall feedback 
forces the modulator output current to equal the current pro¬ 
duced by Z. 


i'Yin = 


since Y|^ - 


Squaring 

The squaring function is achieved by simply multiplying with the 
two inputs tied together. The squaring circuit may also be used as 
the basis for a frequency doubler since cos^cot = V 2 (cos 2(ot +1). 



FIGURE 13A. SQUARER BLOCK DIAGRAM 


Note that when connected as a divider, the X input must be a 

negative voltage to maintain overall negative feedback. 

Divider Trimming Procedure 

1. Set trimming potentiometers at mid-scale by adjusting 
voltage on pins 7, 9 and 10 (Xqs. Yos. 2!!os) zero volts. 

2 . With Z|N = OV, trim Zqs to hold the Output constant, as Xin 
is varied from -10V through -IV. 

3. With Z|N = OV and Xin = -10.0V adjust Yqs for zero Output 
voltage. 

4. With Z|N = X|N (and/or Z|n = -Xin) adjust Xqs for minimum 
worst case variation of Output, as X|n is varied from -10V 
to-IV. 

5. Repeat Steps 2 and 3 if Step 4 required a large initial ad¬ 
justment. 

6 . With Z|N = X|N (and/or Z|n = -X|n) adjust the gain control 
until the output is the closest average around +10.0V 
(-10V for Z|N = -X|n) as X|n is varied from -10V to -3V. 



Xos Yos Zos 

FIGURE 13B. ACTUAL CIRCUIT CONNECTION 

Square Root 

Tying the X and Y inputs together and using overall feedback 
from the op amp results In the square root function. The out¬ 
put of the modulator is again forced to equal the current pro¬ 
duced by the Z input. 

'o = X|N*Y|N = 


ZlNf 

1 i Ri 

1 


r^. 


II 

0 

> 

MODULATOR 

I~ 

OPAM^-^ 


1 / 


FIGURE 12A. DIVISION BLOCK DIAGRAM 


Xos Yos Zos 



5K 

X|N 

7.5K 



The output is a negative voltage which maintains overall 
negative feedback. A diode in series with the op amp output 
prevents the latchup that would otherwise occur for negative 
input voltages. 

Square Root Trimming Procedure 

1 . Connect the ICL8013 in the Divider configuration. 

2. Adjust Zos. Yos. Xos. and Gain using Steps 1 through 6 
of Divider Trimming Procedure. 

3. Convert to the Square Root configuration by connecting 
X|N to the output and inserting a diode between Pin 4 and 
the output node. 

4. With Z|N = OV adjust Zos for zero output voltage. 


^\^ux=Wioz,N 
OPAM^ N f ^ 


FIGURE 12B. ACTUAL CIRCUIT CONNECTION 


FIGURE 14A. SQUARE ROOT BLOCK DIAGRAM 


7-118 






ICL8013 



Variable Gain Amplifier 

Most applications for the ICL8013 are straight forward 
variations of the simple arithmetic functions described 
above. Although the circuit description frequently disguises 
the fact, it has already been shown that the frequency 
doubler is nothing more than a squaring circuit. Similarly the 
variable gain amplifier is nothing more than a multiplier, with 
the input signal applied at the X input and the control voltage 
applied at the Y Input. 



Definition of Terms 

Multiplication/Division Error: This is the basic accuracy speci¬ 
fication. It includes terms due to linearity, gain, and offset errors, 
and is expressed as a percentage of the full scale output. 

Feedthrough: With either input at zero, the output of an 
ideal multiplier should be zero regardless of the signal 
applied to the other input. The output seen In a non-ideal 
multiplier is known as the feedthrough. 

Nonlinearity: The maximum deviation from the best 
straight line constructed through the output data, expressed 
as a percentage of full scale. One input is held constant and 
the other swept through it nominal range. The nonlinearity Is 
the component of the total multiplication/division error which 
cannot be trimmed out. 


Typicai Appiications 



FIGURE 16. MULTIPLICATION 


V+ 



V- 


FIGURE18. POTENTIOMETERS FOR TRIMMING OFFSET AND 
FEEDTHROUGH 


Xos Yos Zos 



FIGURE 17. DIVISION 



FIGURE 19. SQUARE ROOT 
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Precision Waveform Generator/ 
Voitage Controiied Osciiiator 


Features 

• Low Frequency Drift with Temperature - 250ppm/^C 

• Simultaneous Sine, Square, and Triangle Wave 
Outputs 

• Low Distortion -1% (Sine Wave Output) 

• High Linearity - 0.1% (Triangle Wave Output) 

• Wide Operating Frequency Range - 0.001 Hz to 300kHz 

• Variable Duty Cycle - 2% to 98% 

• High Level Outputs - TTL to 28V 

• Easy to Use - Just a Handful of External Components 
Required 


Description 

The ICL8038 waveform generator is a monolithic integrated 
circuit capable of producing high accuracy sine, square, tri¬ 
angular, sawtooth and pulse waveforms with a minimum of 
external components. The frequency (or repetition rate) can 
be selected externally from 0.001Hz to more than 300kHz 
using either resistors or capacitors, and frequency modula¬ 
tion and sweeping can be accomplished with an external 
voltage. The ICL8038 is fabricated with advanced monolithic 
technology, using Schottky barrier diodes and thin film resis¬ 
tors, and the output is stable over a wide range of tempera¬ 
ture and supply variations. These devices may be Interfaced 
with phase locked loop circuitry to reduce temperature drift 
to less than 250ppm/°C. 


Ordering Information 


PART NUMBER 


ICL8038CCPD 


250ppm/°C Typ. 


250ppm/°C Typ. 


180ppm/®C Typ. 


120ppm/°C Typ. 


360ppnfV°C Max. 


250ppm/°C Max. 


Add /883B to part number if 883 processing is required. 


ICL8038CCJD 


ICL8038BCJD 


ICL8038ACJD 


ICL8038BMJD* 


ICL8038AMJD* 


TEMPERATURE RANGE 


0°C to +70®C 


0°C to +70°C 


0®C to +70°C 


O^C to +70°C 


-55®C to +125°C 


-55°C to +125®C 


14 Lead Plastic DIP 


14 Lead Ceramic DIP 


14 Lead Ceramic DIP 


14 Lead Ceramic DIP 


14 Lead Ceramic DIP 


14 Lead Ceramic DIP 


Pinout 


SINE WAVE 
ADJUST 

SINE 
WAVE OUT 

TRIANGLE 

OUT 

DUTY CYCLE J 
FREQUENCY < 
ADJUST 


ICL8038 

(PDIP, CDIP, SOIC) 
TOP VIEW 


Functional Diagram 



^ SINE WAVE 
—I ADJUST 

^ V- OR GND 


SQUARE 
WAVE OUT 

FM SWEEP 
INPUT 


CURRENT 

SOURCE 

«1 


CURRENT 

SOURCE 

#2 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
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Specifications iCL8038 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (V- to V+).36V Operating Temperature Range 

Power Dissipation (Note 1). 750mW ICL8038AM, ICL8038BM.-55°C to +125°C 

Input Voltage (Any Pin).V- to V+ ICL8038AC, ICL8038BC, ICL8038CC.0°C to +70°C 

I nput Current (Pins 4 and 5).25mA Storage Temperature Range.“65°C to +150°C 

Output Sink Current (Pins 3 and 9).25mA 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsupply = OV or +20 V, T^ = +25°C, Rl = 10 kO, Test Circuit Unless otherwise Specified 


ICL8038BC(BM) I ICL8038AC(AM) 


TEST CONDITIONS 


qEI [1223 EQl EEQ CEi3 ISEI ESil CQ] I 



PARAMETERS 


Supply Voltage Operating Range 
Single Supply 


Dual Supplies 


Supply Current 
8038AM 8038BM 


8038AC. 8038BC. 8038CC 


FREQUENCY CHARACTERISTICS (ALL WAVEFORMS) 


Max. Frequency of Oscillation 


Sweep Frequency of FM Input 


Sweep FM Range (Note 3) 


FM Linearity 


Frequency Drift with 
Temperature (Note 5) 

8038 AC. BC, CC 


8038 AM. BM 


Frequency Drift with Supply 
Voltage 


OUTPUT CHARACTERISTICS 


Square Wave 
Leakage Current 


Saturation Voltage 


Rise Time 


Fall Time 


Typical Duty Cycle Adjust 
(Note 6) 


Triangle/Sawtooth/Ramp 

Amplitude 


Linearity 


Output Impedance 


Sine Wave 
Amplitude 


THD 


THD Adjusted 


NOTES: 

1. Derate ceramic package at 12.5mWy°C for ambient temperatures above 100°C. 

2. Ra and Rb currents not Included. 

3. Vsupply = 20V; R^ and Rb = lOkQ, f = 10kHz nominal; can be extended 1000 to 1. See Figures 15A and 15B. 

4. 82kQ connected between pins 11 and 12, Triangle Duty Cycle set at 50%. (Use Ra and Rb-) 

5. Figure 1, pins 7 and 8 connected, Vsupply = ±10V. See Typical Curves for T.C. vs Vsupply- 

6 . Not tested, typical value for design purposes only. 
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Specifications ICL8038 


Test Conditions 


PARAMETER 


Supply Current 


Sweep FM Range (Note 1) 


Frequency Drift with Temperature 


Frequency Drift with Supply Voltage (Note 2) 


Output Amplitude (Note 4) 
Sine 


Triangle 


Leakage Current (Off) (Note 3) 


Saturation Voltage (On) (Note 3) 


Rise and Fall Times (Note 5) 


Duty Cycle Adjust (Note 5) 


Triangle Waveform Linearity 


Total Harmonic Distortion 


NOTES: 

1. The hi and io frequencies can be obtained by connecting pin 8 to pin 7 (fni) and then connecting pin 8 to pin 6 (fL.o)- Otherwise apply 
Sweep Voltage at pin 8 (% Vsupply +2V) ^ Vsweep ^ ^supply where Vsupply ^ the total supply voltage. In Figure 15B, pin 8 should vary 
between 5.3V and 10V with respect to ground. 

2. 10V ^ V+ ^ 30V, or ±5V ^ Vsupply ^ ±15V. 

3. Oscillation can be halted by forcing pin 10 to +5V or -5V. 

4. Output Amplitude is tested under static conditions by forcing pin 10 to 5.0V then to -5.0V. 

5. Not tested; for design purposes only. 


Detailed Schematic 

CURRENT SOURCES 6 _ 



Current Into Pin 6 


Frequency at Pin 9 


Frequency at Pin 3 


Frequency at Pin 9 


Pk-Pk Output at Pin 2 


Pk-Pk Output at Pin 3 


Current into Pin 9 


Output (Low) at Pin 9 


Waveform at Pin 9 


Waveform at Pin 9 


Waveform at Pin 9 


Waveform at Pin 3 


Waveform at Pin 2 


► Rext B Rext a 




COMPARATOR 


R/b T R^a 


cRzs ^R 26 ^Rar 
F33K ^33K ?33K 


tfU ^R* JRo 
rioo <ioo<ioo 


0^28 >R28 >R30 

<33K 


JUl°« 

9 


:ri3 Ri 6 . 
"620 1 ^: 


y 3 IK 800 



BUFFER AMPLIFIER 6 2 


SINE CONVERTER 
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ICL8038 


DotailBd Description (See Functional Diagram) 

An external capacitor C is charged and discharged by two 
current sources. Current source #2 is switched on and off by 
a flip-flop, while current source #1 is on continuously. 
Assuming that the flip-flop is in a state such that current 
source #2 is off, and the capacitor is charged with a current I, 
the voltage across the capacitor rises linearly with time. 
When this voltage reaches the level of comparator #1 (set at 
2/3 of the supply voltage), the flip-flop is triggered, changes 
states, and releases current source #2. This current source 
normally carries a current 2I. thus the capacitor is dis¬ 
charged with a net-current I and the voltage across it drops 
linearly with time. When it has reached the level of compara¬ 
tor #2 (set at 1/3 of the supply voltage), the flip-flop is trig¬ 
gered into its original state and the cycle starts again. 

Four waveforms are readily obtainable from this basic gener¬ 
ator circuit. With the current sources set at I and 2I respec¬ 
tively, the charge and discharge times are equal. Thus a 
triangle waveform is created across the capacitor and the 
flip-flop produces a square wave. Both waveforms are fed to 
buffer stages and are available at pins 3 and 9. 

The levels of the current sources can, however, be selected 
over a wide range with two external resistors. Therefore, with 
the two currents set at values different from I and 21, an 
asymmetrical sawtooth appears at terminal 3 and pulses 
with a duty cycle from less than 1% to greater than 99% are 
available at terminal 9. 


The sine wave is created by feeding the triangle wave into a 
nonlinear network (sine converter). This network provides a 
decreasing shunt impedance as the potential of the triangle 
moves toward the two extremes. 


Test Circuit 


► Ra SRb 

MOK <10K 


8 ICL8038 


10 11 12 21 


Typicai Performance Curves 




SUPPLY VOLTAGE (V) 

FIGURE 2. SUPPLY CURRENT vs SUPPLY VOLTAGE 


SUPPLY VOLTAGE (V) 

FIGURE 3. FREQUENCY vs SUPPLY VOLTAGE 
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Typical Performance Curves (Continued) 



FREQUENCY (Hz) 

FIGURE 10. SINE WAVE OUTPUT VOLTAGE vs FREQUENCY 


10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 

FIGURE 11. SINE WAVE DISTORTION vs FREQUENCY 


Waveform Timing 

The symmetry of all waveforms can be adjusted with the 
external timing resistors. Two possible ways to accomplish 
this are shown in Figure 13. Best results are obtained by 
keeping the timing resistors and Rb separate (A). R^^ 
controls the rising portion of the triangle and sine wave and 
the 1 state of the square wave. 

The magnitude of the triangle waveform is set at V 3 
VSuppLYl therefore the rising portion of the triangle Is, 

t _ CXV _ ^^SUPPLY^'^A _ 

1 I O.22XV3UPPLY “ 0-66 

The falling portion of the triangle and sine wave and the 0 
state of the square wave is: 

^ _ CXV _ _ Cxi/aVgypp^Y _ _ 

^ ^ '^SUPPLY ^ ''supply 0 . 66 ( 2 R^-Rq) 

2 ( 0 . 22 )--- 0.22 --- 

«B ”a 

Thus a 50% duty cycle is achieved when = Rb. 

If the duty cycle is to be varied over a small range about 50% 
only, the connection shown in Figure 13B is slightly more 
convenient. 

With two separate timing resistors, the frequency is given by 


or, if Ryi^ = Rb ” R 


0.33 

f = —(for Figure 13A) 


Neither time nor frequency are dependent on supply voltage, 
even though none of the voltages are regulated inside the 
integrated circuit. This is due to the fact that both currents 
and thresholds are direct, linear functions of the supply volt¬ 
age and thus their effects cancel. 



SQUARE WAVE DUTY CYCLE - 50% 



SQUARE WAVE DUTY CYCLE - 80% 


FIGURE 12. PHASE RELATIONSHIP OF WAVEFORMS 
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Selecting R/^ Rg and C 

For any given output frequency, there is a wide range of RC 
combinations that will work, however certain constraints are 
placed upon the magnitude of the charging current for 
optimum performance. At the low end, currents of less than 
IpA are undesirable because circuit leakages will contribute 
significant errors at high temperatures. At higher currents 
(l>5mA), transistor betas and saturation voltages will 
contribute increasingly larger errors. Optimum performance 
will, therefore, be obtained with charging currents of 10pA to 
1mA. If pins 7 and 8 are shorted together, the magnitude of 
the charging current due to can be calculated from: 


R^x(V+-V.) ^ 

' “ (R^ + Rg) 


0.22(V+-V-) 



FIGURE 13. POSSIBLE CONNECTIONS FOR THE EXTERNAL 
TIMING RESISTORS 

To minimize sine wave distortion the 82kQ resistor between 
pins 11 and 12 is best made variable. With this arrangement 
distortion of less than 1% is achievable. To reduce this even 
further, two potentiometers can be connected as shown In 
Figure 14; this configuration allows a typical reduction of 
sine wave distortion close to 0.5% 



V- OR GND 

FIGURE 14. CONNECTION TO ACHIEVE MINIMUM SINE WAVE 
DISTORTION 


R^ and R 2 are shown in the Detailed Schematic. 

A similar calculation holds for Rg. 

The capacitor value should be chosen at the upper end of its 
possible range. 

Waveform Out Level Control and 
Power Supplies 

The waveform generator can be operated either from a sin¬ 
gle power supply (10V to 30V) or a dual power supply (±5V 
to ±15V). With a single power supply the average levels of 
the triangle and sine wave are at exactly one-half of the sup¬ 
ply voltage, while the square wave alternates between V-f 
and ground. A split power supply has the advantage that all 
waveforms move symmetrically about ground. 

The square wave output is not committed. A load resistor 
can be connected to a different power supply, as long as the 
applied voltage remains within the breakdown capability of 
the waveform generator (30V). In this way, the square wave 
output can be made TTL compatible (load resistor con¬ 
nected to +5V) while the waveform generator itself is pow¬ 
ered from a much higher voltage. 

Frequency Modulation and Sweeping 

The frequency of the waveform generator is a direct function 
of the DC voltage at terminal 8 (measured from V+). By 
altering this voltage, frequency modulation is performed. For 
small deviations (e.g. ±10%) the modulating signal can be 
applied directly to pin 8, merely providing DC decoupling 
with a capacitor as shown in Figure 15A. An external resistor 
between pins 7 and 8 is not necessary, but it can be used to 
increase input Impedance from about 8kQ (pins 7 and 8 
connected together), to about (R + 8kL2). 

For larger FM deviations or for frequency sweeping, the 
modulating signal is applied between the positive supply 
voltage and pin 8 (Figure 15B). In this way the entire bias for 
the current sources is created by the modulating signal, and 
a very large (e.g. 1000:1) sweep range is created (f » 0 at 
VswEEP = 0)- Care must be taken, however, to regulate the 
supply voltage; in this configuration the charge current is no 
longer a function of the supply voltage (yet the trigger thresh¬ 
olds still are) and thus the frequency becomes dependent on 







ICL8038 


the supply voltage. The potential on Pin 8 may be swept 
down from V+ by (V3 Vsupply ■ 2 V). 


H 


ICL8038 3 


10 11 


SWEEP < < Rb 

VOLTAGE T T 


4 

5 

6 9 

8 

ICL8038 

3 

10 

11 

12 2 


With a dual supply voltage the external capacitor on Pin 10 
can be shorted to ground to halt the ICL8038 oscillation. 
Figure 17 shows a FET switch, diode ANDed with an input 
strobe signal to allow the output to always start on the same 
slope. 



FIGURE 17. STROBE TONE BURST GENERATOR 

To obtain a 1000:1 Sweep Range on the ICL8038 the volt¬ 
age across external resistors and Re rnust decrease to 
nearly zero. This requires that the highest voltage on control 
Pin 8 exceed the voltage at the top of R^ and Rq by a few 
hundred mV. The Circuit of Figure 18 achieves this by using 
a diode to lower the effective supply voltage on the ICL8038. 
The large resistor on pin 5 helps reduce duty cycle variations 
with sweep. 


FIGURE 15. CONNECTIONS FRO FREQUENCY MODULATION 
(A) AND SWEEP (B) 

Applications 

The sine wave output has a relatively high output Impedance 
(Ikil Typ). The circuit of Figure 16 provides buffering, gain 
and amplitude adjustment. A simple op amp follower could 
also be used. 


7 4 

5 

6 2 

8 

ICL8038 


10 


11 



L 

0.0047HF 

. -- --4 - —. — . -o-IOV 

FIGURE 18. VARIABLE AUDIO OSCILLATOR, 20Hz TO 20kHz 

The linearity of input sweep voltage versus output frequency 
can be significantly improved by using an op amp a shown in 
Figure 19. 


FIGURE 16. SINE WAVE OUTPUT BUFFER AMPUFIERS 


7-127 


SPECIAL ANALOG 
CIRCUITS 










ICL8038 



Use in Phase Locked Loops 

Its high frequency stability makes the ICL8038 an ideal 
building block for a phase locked loop as shown in Figure 20 . 
in this application the remaining functional blocks, the phase 
detector and the amplifier, can be formed by a number of 
available IC’s (e.g. MC4344, NE562, HA2800, HA2820). 

In order to match these building blocks to each other, two 
steps must be taken. First, two different supply voltages are 
used and the square wave output is returned to the supply of 
the phase detector. This assures that the VCO input voltage 
will not exceed the capabilities of the phase detector, if a 
smaller VCO signal is required, a simple resistive voltage 
divider is connected between pin 9 of the waveform genera¬ 
tor and the VCO input of the phase detector. 

Second, the DC output level of the amplifier must be made 
compatible to the DC level required at the FM Input of the 
waveform generator (pin 8 ,0.8V+). The simplest solution here 
Is to provide a voltage divider to V+ (R^, Rg as shown) if the 
amplifier has a lower output level, or to ground if its level is 
higher. The divider can be made part of the low-pass filter. 

This application not only provides for a free-running fre¬ 
quency with very low temperature drift, but is also has the 
unique feature of producing a large reconstituted sinewave 
signal with a frequency identical to that at the input. 

For further Information, see Harris Application Note A013, 
“Everything You Always Wanted to Know About the 
ICL8038”. 


Definition of Terms 

Supply Voltage (Vsupply)' fotal supply voltage from V+ 
toV-. 

Supply Current The supply current required from the 
power supply to operate the device, excluding load currents 
and the currents through R^ and Rq. 

Frequency Range. The frequency range at the square wave 
output through which circuit operation is guaranteed. 

Sweep FM Range. The ratio of maximum frequency to mini¬ 
mum frequency which can be obtained by applying a sweep 
voltage to pin 8 . For correct operation, the sweep voltage 
should be within the range 

(% Vsupply + 2 V) < Vsweep < Vsupply 
FM Linearity. The percentage deviation from the best fit straight 
line on the control voltage versus output frequency curve. 

Output Amplitude. The peak-to-peak signal amplitude 
appearing at the outputs. 

Saturation Voltage. The output voltage at the collector of 
Q 23 when this transistor is turned on. It is measured for a 
sink current of 2mA. 

Rise and Fall Times. The time required for the square wave 
output to change from 10% to 90%. or 90% to 10%. of its 
final value. 

Triangle Waveform Linearity. The percentage deviation 
from the best fit straight line on the rising and falling triangle 
waveform. 

Total Harmonic Distortion. The total harmonic distortion at 
the sine wave output. 
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FIGURE 20. WAVEFORM GENERATOR USED AS STABLE VCO IN A PHASE-LOCKED LOOP 
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SEMiOONDUOTOR 


ICL8048, ICL8049 


March 1993 


Log/Antilog Amplifiers 


Features 


Description 


• Full Scale Accuracy.0.5% The ICL8048 is a monolithic logarithmic amplifier capable of 

. ___ ___ ___ handling six decades of current input, or three decades of 


• Temperature Compensated Operation ... O^C to 


voltage input. It is fully temperature compensated and is 


• Scale Factor, Adjustable.IV/Decade nominally designed to provide 1V of output for each decade 

_ . _ _ __ _ change of input. For increased flexibility, the scale factor, ref- 

• Dynamic Current Range (ICL8048).120dB ©rence current and offset voltage are externally adjustable. 

• Dynamic Voltage Range (ICL8048&ICL8049)....60dB ^he ICL8049 Is the antilogarithm Ic counterpart of the 

• Dual JFET Input Op Amps ICL8048; it nominally generates one decade of output volt¬ 

age for each 1V change at the input. 


Ordering Information 


PART NUMBER 


ICi8048BCJE 


ICL8048CCJE 


ICL8049BCJE 


ICL8049CCJE 


ERROR (+25®C) 


30mV 



TEMPERATURE RANGE 


0°C to +70°C 


0°C to +70°C 


0°C to +70°C 


0°C to +70°C 


16 Lead Ceramic DIP 


16 Lead Ceramic DIP 


16 Lead Ceramic DIP 


16 Lead Ceramic DIP 


Pinouts 


ICL8048 (CDIP) 
TOP VIEW 


Ai OFFSET f7 
NULL 

Ai OFFSET rj 
NULL ^ 
V- [T 

Ai OUTPUT [T 


THAa OFFSET 
i^NULL 
^51 Aa OFFSET 

zz null 
111 V+ 


ICL8049 (CDIP) 
TOP VIEW 


Ai INPUT m 


Ai OFFSET rr 
NULL Li 
Ai OFFSET [7 
NULL^ 
V- [T 

Ai OUTPUT 1^ 


14] Aa INPUT 

;51Aa OFFSET 
^NULL 
^JlAa OFFSET 
— NULL 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 _ ^ 
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Specifications iCL8048 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage.±18V Operating Temperature Range....0°C to +70°C 

liN (Input Current).2mA Storage Temperature Range.. -65°C to +150°C 

Iref (Reference Current). 2mA 

Voltage Between Offset Null and V+.±0.5V 

Output Short Circuit Duration.indefinite 

Power Dissipation. 750mW 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and qx/athn 
of the device at these or any other conditions above those indicated in the q^erational sections of this specification is not implied. 


Electrical Specifications Vs = ±15V, T^ = +25°C, Ir^f = ImA, Scale Factor Adjusted for 1 V/Decade, Unless Otherwise Specified 


PARAMETERS 


Dynamic Range 
l,N (InA-lmA) 


V,N(10mV-10V) 


Error, % of Full Scale 


Error, Absolute Value 


TEST CONDITIONS 


Temperature Coefficient of Vqut Min = ■* nA to 1 mA 


Power Supply Rejection Ratio 


Offset Voltage (A^ & A 2 ) 


Wideband Noise 


Output Voltage Swing 


Power Consumption 


Supply Current 










































































































Specifications iCLd049 


Absolute Maximum Ratings 


Operating Conditions 

Supply Voltage.±18V Operating Temperature Range.0°C to +70°C 

V|N (Input Current).±15V Storage Temperature Range.-65°C to +150®C 

•ref (Reference Current).2mA 

Voltage Between Offset Null and V-t-.±0.5V 

Output Short Circuit Duration.Indefinite 

Power Dissipation.750mW 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above tiiose listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of tha specification is not implied. 


Electrical Specifications Vs = ±15 V, Ta = + 25 °C, Irep = ImA, Scale Factor Adjusted for 1 Decade (Out) per Volt (In), Unless Oth¬ 
erwise Specified 


PARAMETERS 


Dynamic Range (Vqut) 


Error, Absolute Value 


Temperature Coefficient, Referred 
toV,N 


Power Supply Rejection Ratio 


Offset Voltage (A^ & A 2 ) 


Wideband Noise 


Output Voltage Swing 


Power Consumption 


Referred to input, 
forV,N = 0V 


Before Nulling 


Referred to input, 
forV,N = 0V 


RL=10ka 


1CL8049CC 


TEST CONDITIONS 


VouT^IOmVtolOV 


lESBBBiSBI 


Ta = 0®C to +70°C, 
OV :SV,n^3V 



Supply Current 
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ICL8048. ICL8049 
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Typical Performance Curves (Continued) 
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INPUT VOLTAGE (V) 

FIGURE 9. SMALL SIGNAL BANDWIDTH AS A FUNCTION OF 
INPUT VOLTAGE (ICL8049 ONLY) 



INPUT VOLTAGE (V) 

FIGURE 10. SMALL SIGNAL VOLTAGE GAIN AS A FUNCTION 
OF INPUT VOLTAGE (ICL8049 ONLY) 


ICL8048 Detailed Description 

The ICL8048 relies for its operation on the well known expo¬ 
nential relationship between the collector current and the 
base emitter voltage of a transistor: 

l^ = ls[exp(^)-l] (1) 

For base emitter voltages greater than 100mV, Eq. ( 1 ) 

becomes 

'c = 's (2) 

From Eq. (2), it can be shown that for two Identical transis¬ 
tors operating at different collector currents, the VgE differ¬ 
ence (AVbe) is given by: 

—j — 

AV 3 ^ =-2.303 (3) 

Referring to Figure 11 it is clear that the potential at the col¬ 
lector of Q 2 is equal to the AVbe between and Q 2 . The 
output voltage is AVbe multiplied by the gain of A 2 : 

= -2.303 (^1^) (IJ) log^o W (4) 

2 ^ JrEF 

kT 

The expression 2.303 x ~ has a numerical value of 59mV at 

+25°C; thus In order to generate IV/decade at the output, 
the ratio (R-i + R 2 )/R 2 is chosen to be 16.9. For this scale 
factor to hold constant as a function of temperature, the (R^ 
+ R 2 )/R 2 term must have a 1/T characteristic to compensate 
for kT/q. 

In the ICL8048 this is achieved by making R 1 a thin film 
resistor, deposited on the monolithic chip. It has a nominal 


value of 15.9kQ at +25°C, and its temperature coefficient is 
carefully designed to provide the necessary compensation. 
Resistor R 2 is external and should be a low T.C. type; It 
should have a nominal value of IkQ to provide IV/decade, 
and must have an adjustment range of ± 20 % to allow for pro¬ 
duction variations in the absolute value of R^. 

ICL8048 Offset and Scale Factor 
Adjustment 

A log amp, unlike an op amp, cannot be offset adjusted by 
simply grounding the input. This is because the log of zero 
approaches minus infinity; reducing the input current to zero 
starves of collector current and opens the feedback loop 
around A^. Instead, It Is necessary to zero the offset voltage 
of A^ and A 2 separately, and then to adjust the scale factor. 
Referring to Figure 11, this is done as follows: 

1 . Temporarily connect a lOki^ resistor (Rq) between pins 2 
and 7. With no input voltage, adjust R 4 until the output of 
A 2 (pin 7) is zero. Remove Rq. 

Note that for a current Input, this adjustment Is not neces¬ 
sary since the offset voltage of A, does not cause any er¬ 
ror for current source inputs. 

2 . Set l|N = Iref = Adjust R 5 such that the output of A 2 
(pin 10 ) Is zero. 

3. Set l|N s= IpA, Iref = 1 mA. Adjust R 2 for Vqut = (for a 
IV/decade scale factor) or 6 V (for a 2V/decade scale 
factor). 

Step #3 determines the scale factor. Setting l||vi = IpA 
optimizes the scale factor adjustment over a fairly wide 
dynamic range, from 1mA to InA. Clearly, If the ICL8048 is to 
be used for inputs which only span the range lOOpA to 1mA, 
it would be better to set I|n = 100pA In Step #3. Similarly, 
adjustment for other scale factors would require different I in 
and Vqut values. 
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Vref(+1SV) 


I pYVY-] 

-» I '“F f Rs 

Rref 16 2ka 


Ai OUTPUT 


ISOpF 

Ro 

"■MAr' 

lOkQ 


GAIN 15 15.9id2 


: 680n (LOW T.C.) 


FIGURE 11. ICL8048 OFFSET AND SCALE FACTOR ADJUSTMENT 


ICL8049 Detailed Description 

The ICL8049 relies on the same logarithmic properties of the 
transistor as the iCL8048. The input voltage forces a specific 
AVqe between and Q 2 (Figure 12). This Vgg difference Is 
converted Into a difference of collector currents by the 
transistor pair. The equation governing the behavior of the 
transistor pair is derived from ( 2 ) on the previous page and Is 
as follows: 


For voltage references equation 7 becomes 


■[^] 


Substituting Vqut = buT ^ Rqut 9'ves: 


'^OUT ’^OUT 'ref 


'^2 ^ 
(R.,+R2) kT 

T X Rout 9'ves: 


OUT 

''out ~ ''ref ^ R^ ®’‘P 


(R^+Rg) ^ kT J 


When numerical values for q/kT are put Into this equation. It 
Is found that a AVeg of 59mV (at +25°C) is required to 
change the collector current ratio by a factor of ten. But for 
ease of application, It is desirable that a IV change at the 
Input generate a tenfold change at the output. The required 
input attenuation Is achieved by the network comprising 
and R 2 . In order that scale factors other than one decade per 
volt may be selected, R 2 Is external to the chip. It should 
have a value of Ikii, adjustable ± 20 %, for one decade per 
volt. Ri Is a thin film resistor deposited on the monolithic 
chip; its temperature characteristics are chosen to 
compensate the temperature dependence of equation 5 , as 
explained on the previous page. 

The overall transfer function is as follows: 


ICL8049 Offset and Scale Factor 
Adjustment 

As with the log amplifier, the antilog amplifier requires three 
adjustments. The first step is to null out the offset voltage of 
A 2 . This is accomplished by reverse biasing the base-emitter 
of Q 2 . A 2 then operates as a unity gain buffer with a 
grounded Input. The second step forces Vj^ = 0; the output 
is adjusted for Vqut = 10V. This step essentially “anchors” 
one point on the transfer function. The third step applies a 
specific input and adjusts the output to the correct voltage. 
This sets the scale factor. Referring to Figure 12 the exact 
procedure for 1 decade/volt Is as follows: 

1. Connect the input (pin #16) to +15V. This reverse biases 
the base-emitter of Q 2 . Adjust Ry for Vqut = OV. Discon¬ 
nect the input from +15V. 

2 . Connect the Input to Ground. Adjust R 4 for Vqut = ‘•OV. 
Disconnect the Input from Ground. 

3. Connect the Input to a precise 2 V supply and adjust R 2 for 
Vqut = 100mV. 

The procedure outlined above optimizes the performance 
over a 3 decade range at the output (i.e., Vqut lOmV) 
to 10V). For a more limited range of output voltages, for 
example IV to 10V, It would be better to use a precise IV 
supply and adjust for Vqut = “• V. For other scale factors and/ 
or starting points, different values for R 2 and Rref will be 
needed, but the same basic procedure applies. 
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Applications Information 

\ 

ICL8048 Scale Factor Adjustment 

The scale factor adjustment procedures outlined previously 
for the ICL8048 and ICL8049, are primarily directed towards 
setting up 1V (AVqut) P®*' decade (AIin or AVin) for the log 
amp, or one decade (AVqut) P®*’ volt (AV|n) for the antilog 
amp. 


This corresponds to K 
functions: 


1 in the respective transfer 


r 'in 1 


1 — 

(9) 

L'refJ 


pio(=^) 

(10) 


Log Amp: Vqut = Io9io 


By adjusting R 2 (Figure 11 and Figure 12) the scale factor 
“K” in equation 9 and 10 can be varied. The effect of 
changing K is shown graphically in Figure 13 for the log amp, 
and Figure 14 for the antilog amp. The nominal value of R 2 
required to give a speoiflo value of K can be determined from 
equation 11. It should be remembered that R^ has a ±20% 
tolerance in absolute value, so that allowance shall be made 
for adjusting the nominal value of R 2 by ±20%. 

941 

'’2 = TiCT59)“ 

ICL804i Automatic Offset Nulling Circuit 

Th^ ICL8048 Is fundamentally a logarithmic current 
amplifier. It can be made to act as a voltage amplifier by 
placing a resistor between the current input and the voltage 


source but, since l||yj = (Vi^ - VoppsET)/f^iN' conversion is 
accurate only when V||vi is much greater than the offset 
voltage. A substantial reduction of Vqpfset would allow 
voltage operation over a 120dB range. 

Figure 15 shows the iCL8048 in an automatic offset nulling 
configuration using the ICL7650S. The extremely low offset 
voltage of the ICL7650S forces its non-inverting input (and 
thus pin 2 of the ICL8048) to the same potential as its 
inverting Input by nulling the first stage of the log amp. Since 
Vqpfset i^ow within a few pV of ground potential, Rin can 
pedorm its voltage to current conversion much more 
accurately, and without an offset trimmer pot. Step 1 of the 
offset and scale factor adjustment is eliminated, simplifying 
calibration. 

NOTE: The ICL7650S op amp has a maximum supply voltage of 
18V. The ICL8048 will operate at this voltage, but Ippp must 
be limited to 200pA or less for proper calibration and 
operation. Best performance will be achieved when the 
1CL7650S has a ±3V to ±8V suppiy and the iCL8048 is at its 
recommended ±15V suppiy. See A053 for a method of 
powering the ICL7650S from a ±15V source. 

Frequency Compensation 

Although the op amps In both the ICL8048 and the ICL8049 
are compensated for unity gain, some additional frequency 
compensation is required. This is because the log transistors 
In the feedback loop add to the loop gain. In the ICL8048, 
150pF should be connected between Pins 2 and 7 
(Figure 11). In the ICL8049, 200pF between Pins 3 and 7 is 
recommended (Figure 12). 
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FIGURE 14. EFFECT OF VARYING “K” ON THE LOG AMPLIFIER 







1/ 

Ai OUTPUT 


(LOWT.C.) ikQ 


FIGURE 15. ICL8048 OFFSET NULLED BY ICL7650 


Error Analysis 

Performing a meaningful error analysis of a circuit containing 
a log and antiiog amplifiers is more complex than dealing 
with a similar circuit involving only op amps. In this data 
sheet every effort has been made to simplify the analysis 
task, without in any way compromising the validity of the 
resultant numbers. 

The key difference In making error calculations in log/antilog 
amps, compared with op amps. Is that the gain of the former 
is a function of the input signal level. Thus, It Is necessary, 
when referring errors from output to input, or vice versa, to 


check the input voltage level, then determine the gain of the 
circuit by referring to the graphs given in the Typical 
Performance Curves section. 

The various error terms in the log amplifier, the ICL8048, are 
Referred To the Output (RTO) of the device. The error terms 
in the antilog amplifier, the ICL8049, are Referred To the 
Input (RTI) of the device. The errors are expressed In this 
way because in the majority of systems a number of log 
amps interface with an antilog amp, as shown in Figure 16. 
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ERROR DUETOA(RTO) 



«ymV 

FIGURE 16. 

It is very straightforward to estimate the system error at node 
(A) by taking the square root of the sum-of-the-squares of 
the errors of each contributing biock. 

Total Error = + z^at (A) 

If required, this error can be referred to the system output 
through the voltage gain of the antiiog circuit, using the 
voltage gain versus input voltage plot. 

The numerical values of x, y, and z in the above equation are 
obtained from the maximum error voltage plots. For example, 
with the ICL8048BC, the maximum error at the output is 
30mV at +25®C. This means that the measured output will be 
within 30mV of the theoretical transfer function, provided the 
unit has been adjusted per the procedures described 
previously. Figure 17 illustrates this point. 



it is important to note that both the ICL8048 and the ICL8049 
require positive values of IpEp and the input (1018048) or 
output (ICL8049) currents (or voltages) respectively must 
also be positive. Application of negative Iin to the ICL8048 or 
negative Ip^F fo either circuit will cause malfunction, and if 
maintained for long periods, would lead to device 
degradation. Some protection can be provided by placing a 
diode between pin 7 and ground. 

Setting Up the Reference Current 

In both the iCL8048 and iCL8049 the input current reference 
pin (I ref) ^ virtual ground. For the ICL8048, a 
fraction of the output voltage Is seen on Pin 16 (Figure 11). 
This does not constitute an appreciable error provided Vp^p 
is much greater than this voltage. A 10V or 15V reference 
satisfies this condition. For the ICL8049, a fraction of the 
input voltage appears on Pin 3 (Figure 12), placing a similar 
restraint on the value of Vppp 

Alternatively, Ippp can be provided from a true current 
source. One method of implementing such a current source 
is shown in Figure 18. 


+15V +15V 



TO PIN 16 ON ICU048^ 
TO PIN 3 ON ICL8049 J 

FIGURE 18. 


FIGURE 17. TRANSFER FUNCTION FOR CURRENT INPUTS 

To determine the maximum error over the operating 
temperature range, the 0°C to +70°C absolute error values 
given in the table of electrical specifications should be used. 
For intermediate temperatures, assume a linear increase in 
the error between the +25°C value and the +70°C value. 

For the antilog amplifier, the only difference Is that the error 
refers to the input, i.e., the horizontal axis. It will be noticed 
that the maximum error voltage of the ICL8049, over the 
temperature range, Is strongly dependent on the input 
voltage. This is because the output amplifier, A 2 , has an 
offset voltage drift which is directly transmitted to the output. 
When this error is referred to the input, it must be divided by 
the voltage gain, which is Input voltage dependent. At Vin = 
3V, for example, errors at the output are multiplied by 1/.023 
(=43.5) when referred to the input. 


Log of Ratio Circuit, Division 

The ICL8048 may be used to generate the log of a ratio by 
modulating the Iref input. The transfer function remains the 
same, as defined by equation 9: 



Clearly it is possible to perform division using just one 
ICL8048, followed by an ICL8049. For multiplication. It is 
generally necessary to use two log amps, summing their 
outputs into an antilog amp. 

To avoid the problems caused by the Iref input not being a 
true virtual ground (discussed in the previous section), the 
circuit of Figure 18 is again recommended if the Iref input Is 
to be modulated. 





ICL8048, ICL8049 


Definition of Terms 


In the definitions which follow, it will be noted that the various 
error terms are referred to the output of the log amp. and to 
the Input of the antilog amp. The reason for this is explained 
on the previous page. 

Dynamic Range. The dynamic range of the ICL8048 refers 
to the range of Input voltages or currents over which the 
device Is guaranteed to operate. For the ICL8049 the 
dynamic range refers to the range of output voltage over 
which the device is guaranteed to operate. 

Error, Absolute Value. The absolute error is a measure of 
the deviation from the theoretical transfer function, after 
performing the offset and scale factor adjustments as 
outlined, (ICL8048) or (iCL8049). It is expressed in mV and 
referred to the linear axis of the transfer function plot. Thus, 
In the case of the ICL8048, it Is a measure of the deviation 
from the theoretical output voltage for a given input current 
or voltage. For the ICL8049 it is a measure of the deviation 
from the theoretical input voltage required to generate a 
specific output voltage. 

The absolute error specification is guaranteed over the 
dynamic range. 

Error, % of Full Scale. The error as a percentage of full 
scale can be obtained from the following relationship: 


Temperature Coefficient of Vqut or Vi^. For the ICL8048 
the temperature coefficient refers to the drift with 
temperature of Vqut a constant Input current. 

For the ICL8049 it is the temperature drift of the input voltage 
required to hold a constant value of Vqut- 

Power Supply Rejection Ratio. The ratio of the voltage 
change In the linear axis of the transfer function (Vqut the 
ICL8048, V|N for the ICL8049) to the change in the supply 
voltage, assuming that the log axis is held constant. 

Wideband Noise. For the ICL8048, this is the noise 
occurring at the output under the specified conditions, in the 
case of the ICL8049, the noise is referred to the input. 

Scale Factor. For the log amp, the scale factor (K) is the 
voltage change at the output for a decade (i.e. 10:1) change 
at the input. For the antiiog amp, the scale factor is the 
voltage change required at the input to cause a one decade 
change at the output. See equations 9 and 10. 


Appiication Notes 

For further applications assistance, see A007 “The ICL8048/ 
8049 Monolithic Log-Antilog Amplifiers”. 


Error, % of Full Scale 


100 X Error, absolute value 
Full Scale Output Voltage 
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Long Range Fixed Timer 


Features 

• Replaces the 2242 in Most Applications 

• Timing From Microseconds to Days 

• Cascadeable 

• Monostable or Astable Operation 

• Wide Supply Voltage Range: 2V - 16V 

• Low Supply Current: IISpAatSV 


Pinout 

( 

VdoE 

ICM7242 
PDIP, SOIC) 
TOP VIEW 

3 TBI/O 

+2 OUT [2 


3 RC 

+128/256 OUT [T 


3 TRIGGER 

VssU 


3 reset 


Description 

The 1CM7242 is a CMOS timer/counter circuit consisting of 
an RC oscillator followed by an 8-bit binary counter. It will 
replace the 2242 in most applications, with a significant 
reduction in the number of external components. 

Three outputs are provided. They are the oscillator output, 
and buffered outputs from the first and eighth counters. 


Ordering information 



PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 


ICM7242IPA 

-25°C to +85°C 

8 Lead Plastic DIP 

1CM7242CBA 

0°Cto+70°C 

8 Lead SOIC 


Functionai Diagram 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 f a a r\ 


File Number 2866.1 




























Specifications ICM7242 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (Vdd to Vss).18V Operating Temperature Range 

Input Voltage (Note 1) ICM7242I.-25°C to +85°C 

Terminals (Pins 5, 6,7,8).(Vgs -0.3V) to (Vqo +0.3V) ICM7242C.0°C to +70°C 

Maximum Continuous Output Current (Each Output).50mA Storage Temperature Range.-65®C to +150®C 

Power Dissipation (Note 2). 200mW 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absoluto Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vqq == 5V. T^ = +25°C, R = 10kO, C O.l \iF, Vss » ov, unless otherwise Specified 


PARAMETERS 


Guaranteed Supply Voltage 


Supply Current 


Timing Accuracy 


RC Oscillator Frequency Temperature 
Drift 


Time Base Output Voltage 


Time Base Output Leakage Current 


Trigger Input Voltage 


Reset Input Voltage 


Trigger/Reset Input Current 


Max Count Toggle Rate 



Vdd = 2V 
Vdd = 5V 
Vdd = 15V 


Output Saturation Voltage 


lOSBBSlEa 


50% Duty Cycle Input with Peak to Peak 
Voltages Equal to Vdd and Vss 


All Outputs Except TB Output Vdd = 5V, 
OUT “ 3.2mA 


Output Sourcing Current 


MIN Timing Capacitor (Note 3) 


Timing Resistor Range (Note 3) 


NOTES: 

1. Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vdd ^ss cause 

destructive device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same supply be 
applied to the device before its supply Is established and, that in multiple supply systems, the supply to the ICM7242 be turned on first. 

2. Derate at -2mW/°C above +25°C. 

3. For design only, not tested. 


Test Circuit 

Vdd?_ 


+2^ (RC/2) OUTPUT 


NOTE: -1-2^ and +2® outputs are inverters and have active pullups. 

FIGURE 1. 



TIME BASE INPUT/OUTPUT 
.— t ^Vdd 


TRIGGER 

JL 


TIME BASE PERIOD «1.0RC; 
1 SEC.s1MOx1>iF 
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Typical Performance Curves (Continued) 




TEMPERATURE C’C) 

: 8. NORMALIZED FREQUENCY STABILITY IN THE AS- 
TABLE MODE AS A FUNCTION OF TEMPERATURE 


SUPPLY VOLTAGE (V) 

FIGURE 9. MAXIMUM DIVIDER FREQUENCY vs SUPPLY 



DISCHARGE SATURATION VOLTAGE (V) 



OUTPUT SATURATION VOLTAGE (V) 


FIGURE 10. DISCHARGE OUTPUT CURRENT AS A FUNCTION FIGURE 11. OUTPUT SATURATION CURRENT AS A FUNCTION 

OF DISCHARGE OUTPUT VOLTAGE OF OUTPUT SATURATION VOLTAGE 


Operating Considerations 

Shorting the RC terminal or output terminals to Vqq may 
exceed dissipation ratings and/or maximum DC current limits 
(especially at high supply voltages). 

There is a limitation of 50pF maximum loading on the TB I/O 
terminal if the timebase is being used to drive the counter 
section. If higher value loading is used, the counter sections 
may miscount. 

For greatest accuracy, use timing component values shown 
in Figure 3. For highest frequency operation it will be desir¬ 
able to use very low values for the capacitor; accuracy will 
decrease for oscillator frequencies in excess of 200kHz. 

The timing capacitor should be connected between the RC 
pin and the positive supply rail, V^q, as shown in Figure 1. 
When system power Is turned off, any charge remaining on 


the capacitor will be discharged to ground through a large 
internal diode between the RC node and Vss. Do NOT refer¬ 
ence the timing capacitor to ground, since there is no high 
current path in this direction to safely discharge the capacitor 
when power is turned off. The discharge current from such a 
configuration could potentially damage the device. 

When driving the counter section from an external clock, the 
optimum drive waveform is a square wave with an amplitude 
equal to the supply voltage. If the clock is a very slow ramp 
triangular, sine wave, etc., it will be necessary to “square up” 
the waveform; this can be done by using two CMOS Invert¬ 
ers in series, operating from the same supply voltage as the 
ICM7242. 

The ICM7242 is a non-programmable timer whose principal 
applications will be very low frequency oscillators and long 
range timers; it makes a much better low frequency oscilla- 
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tor/timer than a 555 or ICM7555, because of the on-chip 
8-bit counter. Also, devices can be cascaded to produce 
extremely low frequency signals. 

Because outputs will not be AND’d, output inverters are used 
instead of open drain N-channel transistors, and the external 
resistors used for the 2242 will not be required for the 
ICM7242. The ICM7242 will, however, plug into a socket for 
the 2242 having these resistors. 

The timing diagram for the ICM7242 is shown in Figure 12. 
Assuming that the device is in the RESET mode, which 
occurs on power up or after a positive signal on the RESET 
terminal (if TRIGGER is low), a positive edge on the trigger 
input signal will initiate normal operation. The discharge 
transistor turns on, discharging the timing capacitor C, and 
all the flip-flops in the counter chain change states. Thus, the 
outputs on terminals 2 and 3 change from high to low states. 
After 128 negative timebase edges, the +2® output returns to 
the high state. 



H 

"fc ^ 
1 n rr 


3- 

TU 

-1 

ICM7242 

It 

i]j 

• 1“ 

ICM7242 

It 

IP 



3 

rp 


a 



•=r 


_1 


FIGURE 14. LOW FREQUENCY REFERENCE (OSCILLATOR) 

For monostabie operation the -(-2® output is connected to the 
RESET terminal. A positive edge on TRIGGER initiates the 
cycle (NOTE: TRIGGER overrides RESET). 

The iCM7242 is superior in ail respects to the 2242 except 
for initial accuracy and oscillator stability. This is primarily 
due to the fact that high value p- resistors have been used 
on the ICM7242 to provide the comparator timing points. 




TRIGGER INPUT 
(TERMINALS) 

TIMEBASE INPUT 
(TERMINALS) 


-LAnxiJ-LTU-- 


\r* —128RC—H 


-(•128/25S OUTPUT 
(TERMINAL 3) (ASTABLE 
OR "FREE RUN” MODE) 

•f>128/25S OUTPUT 
(TERMINALS) 
(MONOSTABLE 
OR "ONE SHOT” MODE) 



FIGURE 12. TIMING DIAGRAMS OF OUTPUT WAVEFORMS 
FOR THE ICM7242 (COMPARE WITH FIGURE 16) 


{ hfV2 r 
JlN/256r 


.♦in nnn— 

|--4~ J U U L— 


FIGURE 15. MONOSTABLE OPERATION 


Comparing the ICM7242 With the 2242 


FIGURE 13. USING THE ICM7242 AS A RIPPLE COUNTER 
(DIVIDER) 

To use the 8-bit counter without the timebase, terminal 7 
(RC) should be connected to ground and the outputs taken 
from terminals 2 and 3. 

The ICM7242 may be used for a very low frequency square 
wave reference. For this application the timing components 
are more convenient than those that would be required by a 
555 timer. For very low frequencies, devices may be cas¬ 
caded (see Figure 14). 



ICM7242 

2242 

Operating Voltage 

2V-16V 

4V-15V 

Operating Temperature Range 

-25°Cto-»^°C 

0°C to -f70°C 

Supply Current. Vqq « 5V 

0,7mA Max, 

7mA Max, 

Pullup Resistors 

TB Output 

No 

Yes 

+2 Output 

No 

Yes 

-1-256 Output 

No 

Yes 

Toggle Rate 

3.0MHz 

0.5MHz 

Resistor to Inhibit Oscillator 

No 

Yes 

Resistor in Series with Reset for 
Monostable Operation 

No 

Yes 

Capacitor TB Terminal for HF 
Operation 

No 

Sometimes 
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By selection of R and C, a wide variety of sequence timing 
can be realized. A typical flow chart for a machine tool con¬ 
troller could be as shown in Figure 16. 


TRIGGERING CAN BE 
OBTAINED FROM A 
PREVIOUS STAGE, A 
UMIT SWITCH, OPER¬ 
ATOR SWITCH, ETC. 


START 

H 

WAIT 

5 SEC. 

H 

ENABLE 

10 SEC. 






ENABLE 

5 SEC. 

H 

COUNT 
T0185 

H 

WAIT 

5 SEC. 


j t > t ' t ■ 

WAIT ENABLE WAIT 
5 SEC. 10 SEC. 5 SEC. 


t 

COUNT ENABLE 
TO 185 5 SEC. 


By cascading devices, use of low cost CMOS AND/OR gates 
and appropriate RC delays between stages, numerous 
sequential control variations can be obtained. Typical 
applications include injection molding machine controllers, 
phonograph record production machines, automatic 
sequencers (no metal contacts or moving parts), milling 
machine controllers, process timers, automatic lubrication 
systems, etc. 

Sequence Timing 

• Process Control 

• Machine Automation 

• Electro-Pneumatic Drivers 

• Multi Operation (Serial or Parallel Controlling) 


triggerTI 
^DD -X . ^ 


50K^ ICM7242 33K^ lOK^ »CM7242 33K^ lOK^ 'CM7242 33K^ 10K$ ICM7242 

r I® s-4 T ®s3 T © s—; T © s—1 


^SELECT RC VALUES FOR DESIRED “ON TIME” FOR EACH ICM7242 


PUSH St TO START SEQUENCE: 

H h- MUST BE SHORTER THAN “ON timoA” 



ON tinwo- 


FIGURE17. SEQUENCE TIMER 


7-145 


SPECIAL ANALOG 
CIRCUITS 










SEMICONDUCTOR 


ICM7555, ICM7556 


March 1993 


General Purpose Timers 


Features 

• Exact Equivalent In Most Cases for SE/NE555/556 or 
TLC555/556 

• Low Supply Current - 60pA Typ. (ICM7555) 120}xA lyp. 
(ICM7556) 

• Extremely Low Trigger, Threshold and Reset Currents 
- 20pA Typical 

• High Speed Operation - 1MHz Typical 

• Wide Operation Supply Voltage Range Guaranteed 2V 
to 18V 

• Normal Reset Function - No Crowbarring of Supply 
During Output Transition 

• Can be Used with Higher Impedance Timing Elements 
than Regular 555/6 for Longer RC Time Constants 

• Timing from Microseconds through Hours 

• Operates In Both Astable and Monostabie Modes 

• Adjustable Duty Cycle 

• High Output Source/SInk Driver can Drive TTL/CMOS 

• Typical Temperature Stability of 0.005% per ^C at +25^0 

• Outputs have Very Low Offsets, HI and LO 

Applications 

• Precision Timing 

• Pulse Generation 

• Sequential Timing 

• Time Delay Generation 

• Pulse Width Modulation 

• Pulse Position Modulation 

• Missing Pulse Detector 


Description 

The ICM7555 and ICM7556 are CMOS RC timers providing 
significantly improved perbrmance over the standard SE/ 
NE555/6 and 355 timers, while at the same time being direct 
replacements for those devices in most applications. Improved 
parameters Include low supply cu rrent, wide ope rating su pply 
voltage range, tow THRESHOLD, TRIGGER and RESET cur¬ 
rents, no crowbarring of the supply current during output transi¬ 
tions, higher frequency performance and no requirement to 
decouple CONTROL VOLTAGE tor stable operation. 

Specifically, the ICM7555 and ICM7556 are stable control¬ 
lers capable of producing accurate time delays or frequen¬ 
cies. The ICM7556 is a dual ICM7555, with the two timers 
operating independently of each other, sharing only V+ and 
GND. in the one shot mode, the pulse width of each circuit is 
precisely controlled by one external resistor and capacitor. 
For astable operation as an oscillator, the free running fre¬ 
quency and the duty cycle are both accurately controlled by 
two external resistors and one capacitor. Unlike the regular 
bipolar 555/6 devices, the CONTROL VOLTAGE terminal 
need not be decoupled with a capacitor. The circuits are trig¬ 
gered and reset on falling (negative) waveforms, and the out¬ 
put inverter can source or sink currents large enough to drive 
TTL loads, or provide minimal offsets to drive CMOS loads. 

Ordering information 


PART NUMBER 

ICM7555CBA 

ICM7555IBA 

ICM7555tPA 

ICM7555ITV 

ICM7555MTV* 

ICM7556IPD 

ICM7556MJD* 


TEMPERATURE 
RANGE 
0°C to +70°C 
-25°C to +Q5°C 
-25^0 to +85°C 
-25°C to 
-55°C to +125°C 
-25°C to 
-55°C to +125°C 


8 Lead SOIC _ 

8 Lead SOIC _ 

8 Lead Plastic DIP 
8PinTO-99 Can 
8PinTO-99Can 
14 Lead Plastic DIP 
14 Lead Ceramic DIP 


Add /883B to part number if 883B processing is desired. 


Pinouts 


ICM7555(PDIP,SOiC) 
TOP VIEW 


ICM7555(TO-99 CAN) 
TOP VIEW 


iCM7556 (PDIP, CDiP) 
TOP VIEW 


hESEt \A 



V-i-AND CASE 


7J DISCHARGE 
i] THRESHOLD 


(7) DISCHARGE 


C6)THRESH0U> 


CONTROL 
^ VOLTAGE 


DISCHARGE Ll 

THRESH-FT 
OLDLs 
CONTROL n 



3] DISCHARGE 
-iTHRESH- 
^OLD 
rn CONTROL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 -7 hah 


File Number 2867.1 







Specifications ICM7555 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage.+18V Operating Temperature Range (Note 2) 

Input Voltage ICM7555CX.0°Cto+70°C 

Trigge r, Control Voltage, Threshold, ICM7555IX.-25°C to +85°C 

Reset (Note1).V+ +0.3V to GND -0.3V ICM7555MX.-55°C to +125°C 

Output Current.100mA Storage Temperature Range.-65°C to +150°C 

Power Dissipation (Note 2), ICM7555 . 200mW 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the opeiational sections of this specification is not implied. 


ICM7555C, I, M 
Ta*+25®C 




Electrical Specifications ICM7555 


PARAMETERS 


Static Supply Current 


Monostable Timing Accuracy 


Drift with Temp (Note 3) 


Drift with Supply (Note 3) 


Astable Timing Accuracy 


Drift with Temp (Note 3) 


Drift with Supply (Note 3) 


Threshold Voltage 


Trigger Voltage 


Trigger Current 


Threshold Current 


Control Voltage 


Reset Voltage 


Reset Current 


Discharge Leakage 


Output Voltage Drop 


Output Voltage Drop 


Discharge Output Voltage Drop I V| 


Supply Voltage (Note 3) 


Output Rise Time (Note 3) 


Output Fall Time (Note 3) 


Oscillator Frequency (Note 3) f^AX Vqq = 5V, R^ = 470Q, Rb = 2700, 

C = 200pF 


NOTES: 

1. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater 
than V+ +0.3V or less than V- -0.3V may cause destructive latchup. For this reason it is recommended that no inputs from external sourc¬ 
es not operating from the same power supply be applied to the device before its power supply is established. In multiple systems, the 
supply of the ICM7555/6 must be turned on first. 

2. Junction temperatures should not exceed +135°C and the power dissipation must be limited to 20mW at +125°C. Below +125°C power 
dissipation may be increased to 300mW at +25°C. Derating factor is approximately 3mW/®C (7556) or 2mW/°C (7555). 

3. These parameters are based upon characterization data and are not tested. 


ICM7555M 

-55°C^Ta^+125®C 
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Specifications ICM7556 


Absolute Maximum Ratings 


Supply Voltage.+18V 

In put Volt age 

Trigge r. Control Voltage, Threshold, 

Reset (Notel).V+ +0.3V to GND -0.3V 

Output Current.100mA 

Power Dissipation (Note 2), ICM7556 . 300mW 

Lead Temperature (Soldering 10 Sec.).-t^OO^^C 


Operating Conditions 

Operating Temperature Range (Note 2) 


ICM7656IX.-25°C to +85®C 

ICM7556MX.-55°C to +125°C 

Storage Temperature Range.-66°C to +150®C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. Thb is a sbess only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Eiectricai Specifications iCM7556. T^ = +25°C. unless otherwise Specified 



NOTES: 

1. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater 
than V-i- -f0.3V or less than V- -0.3V may cause destructive latchup. For this reason it is recommended that no inputs from external sourc¬ 
es not operating from the sanrie power supply be applied to the device before its power supply is established, in multiple systems, the 
supply of the ICM7555/6 must be turned on first. 

2. Junction temperatures should not exceed +135°C and the power dissipation must be limited to 20mW at +125°C. Below +125®C power 
dissipation may be increased to 300mW at +26°C. Derating factor is approximately 3mW/®C (7556) or 2mW/°C (7555). 

3. These parameters are based upon characterization data and are not tested. 
























































































ICM7555, ICM7556 


Functional Diagram 


. FUP-FL OP 
r RESET 


R ^ COMPARATOR ^ 
1 A 


OUTPUT 

DRIVERS 


CONTROL 

VOLTAGE 


79 DISCHARGE 


TRIGGER 


COMPARATOR 

B 


NOTE: This functional diagram reduces the circuitry down to its simplest equivalent components. Tie down unused inputs. R »lOOkO, ±20% typ. 

TRUTH TABLE 


THRESHOLD 

VOLTAGE 


TRIGGER VOLTAGE 


DISCHARGE SWITCH 


Don’t Care 

Don’t Care 

Low 

Low 

On 

>“/3(V+) 

>V3(V+) 

High 

Low 

On 


<2/3(V+) 


Don’t Care 


NOTE: RESET will dominate all other Inputs: TRIGGER will dominate over THRESHOLD. 
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Application Notes 


The ICM7555/6 devices are, in most instances, direct 
replacements for the NE/SE 555/6 devices. However, it is 
possible to effect economies in the external component 
count using the ICM7555/6. Because the bipolar 555/6 
devices produce large crowbar currents in the output driver, 
it is necessary to decouple the power supply lines with a 
good capacitor close to the device. The 7555/6 devices pro¬ 
duce no such transients. See Figure 13. 


The ICM7555/6 produces supply current spikes of only 
2mA - 3mA instead of 300mA - 400mA and supply decou¬ 
pling is normally not necessary. Secondly, in most instances, 
the CONTROL VOLTAGE decoupling capacitors are not 
required since the input impedance of the CMOS compara¬ 
tors on chip are very high. Thus, for many applications 2 
capacitors can be saved using an ICM7555, and 3 capaci¬ 
tors with an ICM7556. 


7-151 


SPECIAL ANALOG 
CIRCUITS 

















ICM7555, ICM7556 



0 200 400 600 800 


TIME (ns) 

FIGURE 13. SUPPLY CURRENT TRANSIENT COMPARED WITH 
A STANDARD BIPOLAR 555 DURING AN OUTPUT 
TRANSITION 


Power Supply Considerations 

Although the supply current consumed by the 1CM7555/6 
devices Is very low, the total system supply current can be 
high unless the timing components are high impedance. 
Therefore, use high values for R and low values for C in Fig¬ 
ures 14 and 15. 


v+ 



FIGURE 14A. ASTABLE OPERATION 


V+ 



Output Drive Capability figure 14B. alternate astable configuration 


The output driver consists of a CMOS inverter capable of 
driving most logic families including CMOS and TTL. As 
such, if driving CMOS, the output swing at all supply volt¬ 
ages will equal the supply voltage. At a supply voltage of 
4.5V or more the ICM7555/6 will drive at least 2 standard 
TTL loads. 

Astable Operation 

The circuit can be connected to trigger itself and free run as 
a multivibrator, see Figure 14A. The output swings from rail 
to rail, and is a true 50% duty cycle square wave. (Trip points 
and output swings are symmetrical). Less than a 1% 
frequency variation is observed, over a voltage range of +5V 
to +15V. 


f = 


1 


1.4 RC 


Monostable Operation 

In this mode of operation, the timer functions as a one-shot, 
see Figure 15. Initially the external capacitor (C) is held 
discharged b y a transist or Inside the timer. Upon application 
of a negative TRIGGER pulse to pin 2, the internal flip-flop is 
set which releases the short circuit across the external 
capacitor and drives the OUTPUT high. The voltage across 
the capacitor now increases exponentially with a time 
constant t = R^C. When the voltage across the capacitor 
equals % V+, the comparator resets the flip-flop, which in 
turn discharges the capa citor rapidl y and also drives the 
OUTPUT to Its low state. TRIGGER must return to a high 
state before the OUTPUT can return to a low state. 


touTPUT ■ -I" (V 3 ) RaC = 1.1 RaC 


The timer can also be connected as shown in Figure 14B. In 
this circuit, the frequency Is: 

f = 1.44/(R^ + 2 R 3 )C 

The duty cycle is controlled by the values of Ra and Rb, by 
the equation: 

D = (R^ + R3)/(R^ + 2Rb) 


U” TRIGGER «-[E 

JTL OUTPUT <— U 
. reset 0 —[4 



CAPACITOR 


=T=C 


V+^18V 


FIGURE 15. MONOSTABLE OPERATION 





ICM7555, ICM7556 


Control Voltage 

The CONTROL VOLTAGE terminal p ermits the two trip 
voltages for the THRESHOLD and TRIGGER internal 
comparators to be controlled. This provides the possibility of 
oscillation frequency modulation in the astable mode or even 
inhibition of oscillation, depending on the applied voltage, in 
the monostable mode, delay times can be changed by 
varying the applied voltage to the CONTROL VOLTAGE pin. 


The RESET terminal is designed to have essentially the same 
trip voltage as the standard bipolar 555/6, i.e. 0.6V to 0.7V. At 
ail supply voltages it represents an ex tremely high input 
impedance. The mode of operation of the RESET function is, 
however, much improved over the standard bipolar 555/6 In 
that it controls only the internal flip-flop, which in turn controls 
simultaneously the state of the OUTPUT and DISCHARGE 
pins. This avoids the multiple threshold problems sometimes 
encountered with slow failing edges in the bipolar devices. 



CONTROL 

VOLTAGE 



R« 1001(0120% (TYP) 


FIGURE 16. EQUIVALENT CIRCUIT 
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CD22100 CMOS 4 X 4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating). 8-3 

CD22101, CMOS 4x4x2 Crosspoint Switch with Control Memory. 8-12 
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CD22203 

CD22204 5V Low Power Subscriber DTMF Receiver. 8-36 
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CD22357A 

CD22M3493 12 x 8 x 1 BiMOS-E CrosspoInt Switch. 8-56 

CD22M3494 16 x 8 x 1 BiMOS-E Crosspoint Switch. 8-61 

CD22859 Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator. 8-67 
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CD74HCT22106 
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HC-5504DLC SLIC Subscriber Line Interface Circuit. 8-98 
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CD Type Ordering Information 


Telecom (CD Series) 

Telecom ICs are available in a wide variety of package 
designs. These packages are identified by suffix letters 
indicated in the chart below. When ordering Telecom 
devices, it is important that the appropriate suffix letter be 
affixed to the type number as indicated on the price sched¬ 
ule. 


PRODUCT FLOW 


STANDARD 

PRODUCT 


PACKAGE 

CD SERIES 

Duai-ln-Une Ceramic Sidebraze 

D 

Duai-ln-Une Plastic 

E 

Frit-Seal Dual-ln-Line Ceramic 

F 

Plastic Lead Chip Carrier 

Q 

Small Outline (SOIC) Plastic 

M 



Extra Value Screening 

Telecom product with extra value screening has an X added 
to the standard type number in the price list, and is also 
branded as such. A white dot will indicate location of Pin 1. 

Example: 

A CD22100E with Extra Value screening is designated 
CD22100EX in the price list. It is branded CD22100EX plus 
a white dot at pin number 1. 


100% PARAMETRIC 
AND FUNCTIONAL 
TESTS AT ■|.25®C 


f SAMPLE > 
PARAMETRIC 
AND FUNCTIONAL 
TESTS AT+2S®C 
V AQL« 0.025% > 


ENHANCED 

PRODUCT 


PRODUCTION STATE OR PROCESS 


QUAUTY ASSURANCE STEP 
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SEMICONDUCTOR 


CD22100 


March 1993 


CMOS 4x4 Crosspoint Switch with Controi Memory 

High-Voitage Type (20V Rating) 


Features 

• Low ON Resistance.750 Typ. at Vqq s 12V 

• “Built-In” Control Latches 

• Large Analog Signal Capability. ±Vdq/2 

• 10MHz Switch Bandwidth 

• Matched Switch Characteristics ARqn = 180 Typ. at 

Vdd = 12V 

• High Linearity - 0.5% Distortion (Typ.) at f s i kHz, V|h = 
5Vp.ii» Vdd = 10V, and Rl = IkO 

• Standard CMOS Noise Immunity 

• 100% Tested for Maximum Quiescent Current at 20V 


Description 

CD22100 combines a 4 x 4 array of crosspoints (transmis¬ 
sion gates) with a 4-line to 16-line decoder and 16 latch 
circuits. Any one of the sixteen transmission gates (cross- 
points) can be selected by applying the appropriate four line 
address. The selected transmission gate can be turned on or 
off by applying a logical one or zero, respectively, to the data 
input and strobing the strobe input to a logical one. Any 
number of the transmission gates can be ON simultaneously. 
When the required operating power is applied to the 
CD22100, the states of the 16 switches are indeterminate. 
Therefore, all switches must be turned off by putting the 
strobe high and data in low, and then addressing all switches 
in succession. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

CD22100D 

-55°C to +125°C 

16 Lead Ceramic Sidebraze DIP 

CD22100E 

-40°C to +85°C 

16 Lead Plastic DIP 

CD22100F 

-55°Cto+125°C 

16 Lead Ceramic Frit Seal DIP 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications CD22100 


Absolute Maximum Ratings Recommended Operating Conditions 

Supply Voltage Operating Temperature Range 

(Voltages Referenced to Vss Terminal).-0.5 to +20V Package Type D and F.-55®C < T/^ ^ +125°C 

Input Voltage (All Inputs).-0.5 to Vqd +0.5V Package Type E.-40°C ^ T^^ ^ +85°C 

Input Current (Any one input (Note 1)).±10mA Storage Temperature Range.-65°C T^ ^ +150°C 

Power Dissipation Supply Voltage Range 

For Ta = -40®C to +60°C (Package Type E). 500mW For T^ = Full Package Temperature Range.+3V to +18V 

ForTA = +60°Cto+85°C 

(Package Type E).Derate Linearly 12mW/°C to 200mW 

For Ta = -55°C to +100°C (Package Type D, F). 500mW 

ForTA = +100°Cto+125°C 

(Package Type D, F).Derate Linearly 12mW/°C to 200mW 

Device Dissipation per Transmission Gate 

For Ta = Full Package Temperature Range (All Types).lOOmW 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.).+300®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operationai sections of diis specifica^n is not implied. 


Static Electrical Specifications Values at -55°C, +25°C, •t-125°C Apply to D, F, H Packages 

Values at -40°C, +25®C, +85®C Apply to E Package 


PARAMETERS 


CROSSPOINTS 


Quiescent Device 
Current 



On Resistance 

Ron Max. 

Any Switch 

V|s = 0 to Vq 0 

ARon Resistance 

ARqn 

Between any 
two switches 

OFF Switch Leakage 
Current 

IlMsx. 

All switches 
OFF,V|s = 18V 

CONTROLS 

Input Low Voltage 

V,L Max. 

OFF switch 
l!.<0.2pA 

Input High Voltage 

< 

X 

p 

ON switch 
see Ron 
characteristic 

Input Current 

iiN Max. 

Any control 

V,N = 0,18V 



11 

±0.1 1 

±0.1 

±1 

±1 


1. Maximum current through transmission gates (switches) s 25mA. 

2. Determined by minimum feasible leakage measurement for automatic testing. 
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Specifications CD22100 


Dynamic Electrical Specifications Ta = + 25 °c 


PARAMETERS 


CROSSPOINTS 


Propagation Delay Time, 
(Switch ON) Signal Input to 
Output 


Frequency Response (Any 
switch ON) 


Sine Wave Response 
(Distortion) 


Feedthrough (All switches OFF) 


Frequency for Signal Crosstalk 
Attenuation of 40dB 


Attenuation of 110dB 


Capacitance: 

Xn to Ground 


Yn to Ground 


Feedthrough 


CONTROLS 


Propagation Delay Time: 

Strobe to Output 
(Switch Turn-ON to High 
Level) 


Propagation Delay Time: 

Data-In to Output 
(Turn-On to High Level) 


Propagation Delay Time: 

Address to Output 
(Turn-ON to High Level) 


Propagation Delay Time: 

Strobe to Output 
(Switch Turn-OFF) 


Propagation Delay Time: 

Data-In to Output 
(Turn-ON to Low Level) 


Propagation Delay Time: 

Address to Output 
(Turn-OFF) 



ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
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Specifications CD22100 


Dynamic Electrical Specifications Ta + 25 ^c (Continued) 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

FIGURE 

^18 

(kHz) 


VisOO 
(Note 1) 

Vdd 

(V) 

Bl 

TYP 

MAX 

Minimum Setup Time 

Data-In to Strobe, Address 

■ 

8,10 

Rl= IkQ, 

Cl = 60pF, 

Ir , tp = 20ns 

5 


95 

190 

ns 

10 


25 

50 

ns 

15 


15 

30 

ns 

Minimum Hold Time 

Data-In to Strobe, Address 

tH 

8,10 

RL=1kQ, 

Cl = 60pF, 
tp , tp = 20ns 

5 


180 

360 

ns 

10 


110 

220 

ns 

15 


35 

70 

ns 

Maximum Switching Frequency 

^0 

■ 

RL=1kQ, 

Cl = 60pF, 
tp , tp = 20ns 

5 

IIQQIII 

1.2 

- 

MHz 

10 

1.6 

3.2 

- 

MHz 

15 

2.5 

5 

- 

MHz 

Minimum Strobe Pulse Width 

tw 

8 

5 

- 

300 

600 

ns 

10 

- 

120 

240 

ns 

15 

- 

90 

180 

ns 

Control Crosstalk, Data-In, 
Address or Strobe to Output 


6 

Square wave input; 
tp, tp ~ 20ns 

10 

■ 

75 

■ 

mV 

(peak) 

- 

10 

10 

Input Capacitance 

C|N 


Any Control Input 

- 

- 

5 

7.5 

PF 


NOTE: w 

''dd 

1. Peak-to-peak voltage symmetrical about —^ . 
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CD22100 



Test Circuits and Waveforms 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH Vdd AND Vss 
CX)NNECT ALL UNUSED 
INPUTS TO EITHER 
Vdd OR Vss 


FIGURE 1. QUIESCENT CURRENT TEST CIRCUIT 



FIGURE 2. INPUT CURRENT TEST CIRCUIT 
Vdd 


FIGURE 3. OFF SWITCH INPUT OR OUTPUT LEAKAGE CURRENT TEST CIRCUIT 
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CD22100 


Test Circuits and Waveforms (continued) 

♦ Vdo 


; Ta»+25®C 


ICO4029 

O-McLK ^ 

CLK I 04 


ClIU 


ypp.isy 

10V 


£, 

I0\ 








_ 

— 

_ 

ZZ 

z: 

-- 




— 



— 

z: 

:E 


C|.>50pF 

Ci.«15pF 


“ “ “ 10 * 10 * 10 ^ 10 ® 1 

NOTE; 

CLOSE SWITCH S AFTER APPLYING Vdq SWITCHING FREQUENCY (Hz) 

FIGURE 4. DYNAMIC POWER DISSIPATION TEST CIRCUIT AND TYPICAL DYNAMIC POWER 
DISSIPATION AS A FUNCTION OF SWITCHING FREQUENCY 


SW X ANY CROSSPOINT 
STROBE X DATA - IN x Vdd 


FIGURE 5. PROPAGATION DEUY TIME TEST CIRCUIT AND 
WAVEFORMS (SIGNAL INPUT TO SIGNAL OUT¬ 
PUT, SWITCH ON) 




SW X ANY CROSSPOINT 


SOmV —I I I I 

Vos I" 

FIGURE 6. TEST CIRCUIT AND WAVEFORMS FOR 

CROSSTALK (CONTROL INPUT TO SIGNAL 
OUTPUT) 

0 --f Tr~r TTfT~T'Tr 

Tax+25®C 

.20 Vdd-^IOV __ 

V|s»10Vp.p SINE WAVE 
$ C|,x50pF 

II ^0 RlsUcQ -/- 


"" " 10* 10* 10* 10® 10® 

INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 7. TEST CIRCUIT AND TYPICAL CROSSTALK BETWEEN SWITCH CIRCUITS IN 
THE SAME PACKAGE AS A FUNCTON OF SIGNAL FREQUENCY 
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Test Circuits and Waveforms (continued) 



FIGURE 8. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 



STROBE «Vdd 

FIGURE 9. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 



FIGURE 10. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 





CD22100 


Typical Performance Curves 

b i "I"".■'I'"'"" y — 

V[)o«-«-2.5V,Vss«-2.5V 


Vdd»+5V,Vss«-5V 


Ta*+125®C 

vH- 

+25®C 


Ta«+125®C 

—I- 

+25®C 

I 

^5®C- 


-4-3-2-10 1 2 3 4 

INPUT SIGNAL (V) 

FIGURE 11. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vqd = -Vss = 2.5V 


g. 

Ui 

150 

o 

z 

125 

(0 

(0 

IJJ 

cc 

100 

z 

p 

75 

z 

s 

50 

i 

25 



-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL (V) 

FIGURE 13. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vdd = -Vss = 7.5V 


■Vdd*10V 
Ta = +25®c 


Rt-IMaiOOkaiOkO' 

-1-1kQ“=fc 


-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL (V) 

FIGURE 12. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vqd = -Vss = 5V 


Ta 

»+25®C 























.Vdd*+2.5V,Vss»-2.5VL 


-10 -7J -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL (V) 

FIGURE 14. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Ta = +25®C 


Ta ■ +25®c, Vdd ® +5V, Vss «-5V I I I 

V|S « 5Vp.p « SINE WAVE 1.77VR|yis | | | 
C|os*0.4pF 

« I r-ne-, 

R|.s1MG II V|s I I . ■ ! I 





Vos (RMS) 



INPUT VOLTAGE (V) INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 15. TYPICAL SWITCH ON TRANSFER CHARACTERIS- FIGURE 16. TYPICAL SWITCH ON FREQUENCY RESPONSE 
TICS (1 OF 1$ SWITCHES) CHARACTERISTICS 
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HARRIS CD22101, CD22102 

SEMICONDUCTOR m ^ m y m 


March 1993 


CMOS 4x4x2 Crosspoint Switch 
with Controi Memory 


Features 

• Low ON Resistance.75V Typ. at Vqq = 12V 

• “Built - In” Latched Inputs 

• Large Analog Signal Capability.±Vo[)/2 

• Switch Bandwidth.. 10MHz 

• Matched Switch Characteristics ARqn = BO Typ. at Vqq s 12V 

• High Linearity - 0.25% Distortion (Typ.) at f s 1kHz, Vn^ s 
5Vp-p, Vqd - Vss = 10V, and Rl = IkO 

• Standard CMOS Noise Immunity 

Applications 

• Telephone Systems 

• PBX 

• Studio Audio Switching 

• Multisystem Bus Interconnect 

Ordering Information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CD22101E -40°C to +85°C 24 Lead Plastic DIP 

CD22101F -55°C to +125°C 24 Lead Frit Seal Ceramic DIP 

CD22102E -40°C to +85°C 24 Lead Plastic DIP 

CD22102F -55°C to +125°C 24 Lead Frit Seal Ceramic DIP 


Description 

CD22101 and CD22102 crosspoint switches consist of 4 x 
4x2 arrays of crosspoints (transmission gates) with a 4- 
line to 16-line decoder and 16 latch circuits. Any one of the 
sixteen crosspoint pairs can be selected by applying the 
appropriate four-line address, corresponding crosspoints in 
each array are turned on and off simultaneously. Any num¬ 
ber of crosspoints can be turned on simultaneously. 

in the CD22101. the selected crosspoint pair can be turned 
on or off by applying a logical ONE or ZERO, respectively, 
to the data input, and applying a ONE to the strobe input. 
When the device is “powered up”, the states of the 16 
switches are Indeterminate. Therefore, all switches must 
be turned off by putting the strobe high, data-in low, and 
then addressing all switches in succession. 

The selected pair of crosspoints in the CD22102 is turned 
on by applying a logical ONE to the Ka (set) input while a 
logical ZERO is on the Kb input, and turned off by apply¬ 
ing a logical ONE to the Kg (reset) input while a logical 
ZERO is on the Ka input, in this respect, the control 
latches of the CD22102 are similar to SET/RESET flip- 
flops. They differ, however, in that the simultaneous appli¬ 
cation of ONE’S to the Ka and Kq inputs turns off (resets) 
ail crosspoints. All crosspoints in both devices must be 
turned off as Vqq is applied. 


Pinouts 


CO22101 

24 LEAD (PDIP, CDIP) 
TOP VIEW 



CD22102 

24 LEAD (PDIP, CDIP) 
TOP VIEW 



STROBE Vgs 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 „ ^ 
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Absolute Maximum Ratings 


Specifications CD22101, CD22102 


Recommended Operating Conditions 


Supply Voltage (Vqd) Operating Temperature Range 

(Voltages referenced to Vss Terminal).-0.5 to +20V Package Type D, F, H.-55°C ^ T^ ^ +125°C 

Input Voltage (All Inputs) ..-0.5 to Vqd +0.5V Package Type E.-40°C <: T^ ^ +85°C 

Input Current (Any One Input) (Note 1).±10mA Storage Temperature Range.-65°C ^ T^ ^ +150°C 

Power Dissipation Supply Voltage Range 

For Ta = -40°C to +60°C (Package Type E). 500mW For T^ = Full Package Temperature Range.-rOV to +18V 

ForTA = +60°Cto+85°C 

Package Type E).Derate Linearly 12mW/°C to 200mW 

For Ta = -55°C to +100°C (Package Type D. F). 500mW 

ForTA = +100°Cto+125°C 

(Package Type D, F).Derate Linearly 12mW/°C to 200mW 

Device Dissipation per Output Transistor 

For Ta = Full Package Temperature Range (All Types).lOOmW 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package)..+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses edsove those listed in “Absoiute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not irr^>lied. 


Static Eiectrical Specifications values at -55°C, +25°C, +125°C Apply to D, F, H Packages 

Values at -40°C, +25°C, +85°C Apply to E Package 


PARAMETERS 


CROSSPOINTS 


Quiescent Device 
Current 



TEST 

CONDmONS 



Vdo 

FIGURE 

(V) 


LIMITS AT INDICATED TEMPERATURES 


I +25®C 

-40®C +85®C +125®C 




Aon Resistance 


OFF Leakage Current 


CONTROLS 


Input Low Voltage 


Ron Max. Any Switch 
V,s = 0 to 


Between any two 
switches 



All switches 
OFF, 

V,s = 18V 


V|L Max. I OFF switch II < 0.2pA 


Input High Voltage V|h Min. I ON switch see Rqn 
I characteristic 


Input Current 



liNMax, Any control 2 18 ±0.1 ±0.1 ±1 

V,N = 0,18V 


±10-M ±0.1 I pA 


1. Maximum current through transmission gates (switches) = 25mA. 

2. Determined by minimum feasible leakage measurement for automatic testing. 
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Specifications CD22101, CD22102 


Dynamic Electrical Specifications = h 


Ka to Output, CD22102 


Address to Output 
CD22101,CD22102 



PARAMETERS 


CROSSPOINTS 


Propagation Delay Time, (Switch tpHL. tpLH 
ON) Signal Input to Output 


Frequency Response (Any switch ( 3^0 
ON) 


Sine Wave Response (Distortion) THD 


Feedthrough (All switches OFF) 


Frequency for Signal Crosstalk 
Attenuation of 40dB 


Attenuation of 95dB 


Capacitance: 

Xn to Ground 


Yn to Ground 


Feedthrough 


CONTROLS 


Propagation Delay Tinne: High 
Impedance to High Level or Low 
Level 

Strobe to Output, CD22101 


Data-In to Output, CD22101 



TEST CONDITIONS 



^IS 

m' 

V,s(V) 

Vdd 

FIGURE 

(kHz) 


(Note 3) 

(V) 


TYP MAX I UNITS 


30 60 I ns 


15 30 I ns 






6 RL=1kQ,CL = 50pF, 
tR , tp IT 20 ns 


Rl^IKO, Cl = 50pF, 
tp, tp 20 ns 


RL=1kO, Cl = 50pF, 
ip , ip =s 20 ns 


Rl^IKO, Cl = 50pF, 
tp, tp = 20 ns 



500 

1000 

230 

460 


15 

- 

170 

340 

ns 

5 

- 

515 

1000 

ns 



220 440 


170 340 


500 1000 


215 430 


160 320 


480 960 


225 450 


155 300 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
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Specifications CD22101, CD22102 


Propagation Delay Time: High Level 
or Low Level to High Impedance 

Strobe to Output, CD22101 

tpHZ. tpLZ 

Kg to Output, CD22102 

tpHZ, tpLZ 

Data-In to Output, CD22101 

tpHZ, tpLZ 


Dynamic Electrical Specifications = +25^c (Continued) 


PARAMETERS 


CONTROLS (Continued) 




TEST CONDITIONS 



^IS 

i|BH| 

V»(V) 

Vdo 

FIGURE 

(kHz) 

mmm 

(Note 3) 

(V) 


Ka • Kg to Output, CD 22102 I tpn 7 ^ tpi 7 


Address to Output 
CD22101,CD22102 


Minimum Strobe Pulse Width, 
CD22101 


Address to Strobe Setup or Hold tgu tn 
Times, CD22101 



Strobe to Data-In Hold Time, 
CD22101 


Address to Ka and Kg Setup or Hold tguf tn 
Times, CD22102 


Minimum Ka • Kg Pulse Width, tyy 

CD22102 


Minimum Ka Pulse Width, CD22102 tw 


Minimum Kg Pulse Width, CD22102 tw 





tp , tp = 20 ns 


RL=1kQ, Cl==50pF, 
tq , tp = 20 ns 


Rl^IKQ, Cl = 50pF, 
tp , tp = 20 ns 


Rl^IKQ, Cl = 50pF, 
tp , tp = 20 ns 


8 RL = 1kQ,CL = 50pF, 

tp , tp = 20 ns 


6 RL = 1kQ,C|. = 50pF, 
tp,tp = 20 ns 


9 RL=1kQ,CL = 50pF, 
tp , tp = 20 ns 



^HLt tHLH I 0 Rl = 1 kQt Cl = 50pF, 
I tp , tp = 20 ns 



Rl = IkQ, Cl ** 50pF, 
tp , tp = 20 ns 


RlssIKQ, Cl = 50pF, 
tp , tp = 20 ns 


RL = 1kQ, Cl = 50pF, 
tp , tp s: 20 ns 


Rl^IKQ, Cl = 50pF, 
tp , tp = 20 ns 


LIMITS 

TYP MAX UNITS 


200 400 


135 270 


450 900 


200 400 


130 260 


450 900 


165 330 


110 220 


280 560 


130 260 


425 850 


190 380 


130 260 


260 500 


375 750 


160 320 


110 220 


425 850 


175 350 


120 240 
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Specifications CD22101, CD22102 


Dynamic Electrical Specifications Ta = +25^c (Continued) 


PARAMETERS 


CONTROLS (Continued) 


Control Crosstalk, Data-In, Address 
or Strobe to Output 


Input Capacitance 


TESTCONDmONS 


SYMBOL I FIGURE (kHz) 





100 10 


Square wave Input - 5V, 
tf), V ~ 20ns, Rs - 1ka 


Any Control Input 


3. Peak-to-peak voltage symmetrical about —^ , unless otherwise specified. 

4. RMS 


Functionai Biock Diagram 



INPUTS PROTECTED 
BYCOSaHOS 
PROTECTION 
NETWORK J 



1 h 2 M 3 


5 ht 6 7 


9 ht lOht 11 


13ht 14ht 15 


^ SIGNALS 
OUT (IN) 


15| 22 I 18 I 19 I 

XI X2 X3 X4 
SIGNALS IN (OUT) 


5’ ht 6’ ht 7* 


rht 9'h# lo rrhr 


12'ht 13’ht 14’ht 15’ 


SIGNALS 
^ OUT (IN) 


10| 3| 7| 6| 

xr X2’ X3’ X4’ 

SIGNALS IN (OUT) 
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CD22101, CD22102 



INPUTS PROTECTED 
BY COS/MOS 
PROTECTION OH 
NETWORK J 


T015 OTHER 
LATCHS 


DETAIL OF LATCHES 


(i") {A-) W (xl) 


DETAIL OF TRANSMISSION GATES 

Vdd in Vdd 




DECODER TRUTH TABLE 
























































































CD22101, CD22102 


CONTROL TRUTH TABLE FOR CD22101 


FUNCTION 

ADDRESS 

STROBE 

DATA 

SELECT 

A 

B 

c 

D 

Switch On 

1 

1 

1 

1 

1 

1 

15 (X4Y4) and 15’ (X4’Y4’) 

Switch Off 

1 

1 

1 

1 

1 

0 

15 (X4Y4) and 15’ (X4’Y4’) 

No Change 

X 

X 

X 

X 

0 

X 

X X X X 


1 = High Level 0 = Low Level X == Don’t Care 


CONTROL TRUTH TABLE FOR CD22102 



ADDRESS 1 


FUNCTION 

A 

B 

C 

D 

Ka 



All Switches 
Off (Note 5) 





SELECT 

15(X4Y4)and15’(X4’Y4’) j 
15 (X4Y4) and 15’(X4’Y4’) 
All 


X X X X 


1 = High Level 


0 = Low Level 


X = Don’t Care 


NOTE: 

5. In the event that and Kb are changed from levels 1,1 to 0,0 Kb should not be allowed to go to 0 before K^, 
otherwise a switch which was off will inadvertently be turned on. 

































































































CD22101, CD22102 


Test Circuits and Waveforms (continued) 


Vdd 



FIGURE 4. OFF SWITCH INPUT OR OUTPUT LEAKAGE FIGURE 5. PROPAGATION DELAY TIME TEST CIRCUIT AND 

CURRENT TEST CIRCUIT (16 OF 32 SWITCHES) WAVEFORMS (SIGNAL INPUT TO SIGNAL 

OUTPUT, SWITCH ON) 



FIGURE 6. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 



STROBE X Vdd 


FIGURE 7. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 






CD22101, CD22102 



FIGURE 8. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 



NOTE: NOTE: 

IF SETUP AND HOLD TIMES PROVIDED ARE TOO SHORT, SET ALL SWITCHES TO OFF INITIALLY APPLY VDD 

AN UNADDRESSED SWITCH MAY BE TURNED ON OR OFF TO ALL X INPUTS AND RETURN ALL Y OUTPUTS TO 

SIMULTANEOUSLY WITH THE ADDRESSED SWITCH VSS THROUGH 1 kO. ADDRESS XIY2 (ABCD) WITH fm x lOkHz 


FIGURE 9. ADDRESS TO STROBE SETUP AND HOLD TIMES FIGURE 10. STROBE TO DATA-IN HOLD TIME Ih, FOR CD22101 



SWxANY CROSSPOINT 


FIGURE 11. TEST CIRCUIT AND WAVEFORMS FOR CROSSTALK (CONTROL INPUT TO SIGNAL OUTPUT) 
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CD22101, CD22102 


Test Circuits and Waveforms (Continued) 



INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 12. TEST CIRCUIT AND TYPICAL CROSSTALK AS A FUNCTION OF FREQUENCY BETWEEN SWITCH CIRCUITS IN THE 
SAME PACKAGE 



INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 13. TEST CIRCUIT AND TYPICAL FEEDTHROUGH AS A FUNCTION OF FREQUENCY (ANY OFF SWITCH) 
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CD22101, CD22102 


Typical Performance Curves 

I Vdd«+2-5V V3^«.2.5V 


g 

350 

UJ 

o 

z 

300 

(0 

250 

UJ 

cc 

c 

z 

200 

o 

3 

z 

U 

150 

w 

100 

50 


■ Ta*+125®C" 


Vix)«-t-5V. Vss«-5V 


Ta«-i-125®C 

+25®C 

-55®C 


INPUT SIGNAL (V) 

FIGURE 14. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vnn = -Vss = 2.5V 


INPUT SIGNAL (V) 

FIGURE 15. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vdo = ‘^ss = 5V 
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SEMICONDUCTOR 


CD22103A 


March 1993 


CMOS HDB3 (High Density Bipoiar 3) Transcoder 
for 2.048/8.448 Mb/s Transmission Applications 


Features 

• HDB3 Coding and Decoding for Data Rates from 
50Kb/s to tOMb/s in a Manner Consistent with 
CCnr G703 Recommendations 

• HDB3/AMI IVansmission Coding/Reception 
Decoding with Code Error Detection is 
Performed in independent Coder and Decoder 
Sections 

• All Transmitter and Receiver Inputs/Outputs are 
TTL Compatible 

• Internal Loop Test Capability 

• Pin and Functionaliy Compatibie with Type 
MJ1471 


Ordering Information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CD22103AD -55®C to +125®C 16 Lead Ceramic Side- 

braze DIP 

CD22103AE -40°CtO4e5°C 16 Lead Plastic DIP 


Description 

The CD22103A Is an LSI SOS Integrated drcult which performs the 
HDB3 transmission coding and reception decoding functions with error 
detection. It is used in 2.048Mb/s and 8.44dMb/s transmission applica¬ 
tions. The CD22103A performs HDB3 coding and decoding for data 
rates from 50Kb/s to lOMt/s in a manner consistent with CX)ITT G703 
recommendations. 

HDB3 transmission coding/reception decoding with code error detection 
is performed in independent coder and decoder sections. All transmitter 
and receiver inputs/outputs are TTL compatible. 

The HDB3 transmitter coder codes an NRZ binary unipolar input signal 
(NRZ-IN) and a synchronous transmission dock (CT)Q mto two HDB3 
binary unipolar RZ output signals (+HDB3 OUT, -HDB3 OUT). The TTL 
compatible output signals +HDB3 OUT, -HDB3 OUT are externally mixed 
to generate ternary bipoiar HDB3 signals for driving transmission lines. 

The receiver decoder converts binary unipolar inputs (+HDB3 IN, -HDB3 
IN), which were externally split from ternary bipolar HDB3 signals, and a 
synchronous clock signal (CRX) into binary unipolar NRZ signals (NRZ- 
OUT). 

The CD22103A operates with a 5V ±10% power supply voltage over the 
full military tempeiWure range at data rates from 50Kb/s up to lOMb/s. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper l.C. Handling Procedures. 
Copyright © Harris Corporation 1993 _ _ . 
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Specifications CD22103A 


Absolute Maximum Ratings 

Supply Voltage (Vqd) 

(Voltages referenced to Vss Terminal).-0.5 to +8V 

Input Voltage (All Inputs).-0.5 to Vqq +0.5V 

Input Current (Any One Input).±10mA 

Power Dissipation 

For Ta = -40®C to +60®C (Package Type E). 500mW 

ForTA = 460°Cto+85°C 

(Package Type E).Derate Linearly 12mW/°C to 200mW 

For Ta = -55°C to +100®C (Package Type D). 500mW 

ForTA = +100®Cto+125®C 

(Package Type D).Derate Linearly 12mW/°C to 200mW 

Device Dissipation per Output Transistor 

For Ta = Full Package Temperature Range (All Types).lOOmW 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.).+300°C 


Recommended Operating Conditions 


Operating Temperature Range 

Package Type D.-55®C ^ Ta ^ +125°C 

Package Type E.-40°C ^ Ta ^ +85°C 

Storage Temperature Range.-65°C ^ Ta 5 +150®C 

Supply Voltage Range 

For Ta = FUM Package Temperature Range.44.5V to 45.5V 


CAUTION: Stresses above those listed In "Absolute Maximum Ratings" may cause permanent damage to Uw device. This is a stress only rating and operation 
of the device at diese or any other conditions above those indicated in die operational sections of diis specification is not implied. 


Static Eiectricai Specifications Vqq = 5V ±i o%, Ta = +25^ 



Dynamic Eiectricai Specifications Ta = -40°C to 485®C for Plastic Package; -55°C to 4l25°C for Ceramic Package; Vdd = +4.5V 

t0 45.5V;CL=15pF 





1 LIMITS 


PARAMETERS 

SYMBOL 

FIGURE 

HSBi 

Jt^L 

MAX 

UNITS 


INPUT 


CTX, CRX Input Frequency 


CTX, CRX Input Rise Time 



NRZ-IN to CTX 




Data Setup Time 

ts 

3 

15 

Data Hold Time 

tH 

3 

15 

HDB3 IN to CRX 




Data Setup Time 

ts 

4 

15 



10 MHz 



i!i 

if. 

ns 

ns 
















































































































Specifications CD22103A 


Dynamic Electrical Specifications = -40°C to 485°C for Plastic Package; -55°C to +125°C for Ceramic Package; Vdd = + 4 . 5 V 

to +5.5V; Cl = 15pF (Continued) 


PARAMETERS 


INPUT (Continued) 


CRX to CKR (CRX = 8.448MHz) 
Pretrigger 


Delay 


Data Propagation Delay Time 


Handling Delay Time 


HDB3 OUT Output Pulse Width 
(Clock duty cycle = 50%) 

fcL = 2.048MHz 


fcL = 8.448MHz 


Receiver Decoder 
CRX to NRZ OUT: 

Data Propagation Delay Times 


Handling Delay Time 


HDB3 IN to CKR 

HDB3 Propagation Delay Time 



Functional Description 

The CD22103A is designed to code and decode HDB3 
signals which are coded as binary digital signals (NRZ-IN) 
and (+ HDB3 IN, -HDB3 IN), accompanied by sampling 
clocks (CTX) and (CRX). The two binary coded HDB3 out¬ 
puts, (+ HDB3 OUT, -HDB3 OUT) may be externally mixed 
to create the ternary HDB3 signals (See Figure 1). 

The two binary HDB3 Input signals have been split from the 
input ternary HDB3 in an external line receiver. 

The receiver decoder converts binary unipolar inputs (+HDB3 IN, 
-HDB3 IN), which were externally split from ternary bi^lar HDB3 
signals, and a synchronous clock signal (CRX) into binary unipolar 
NRZ signals (NRZ-OUT). 

Received signals not consistent with HDB3 coding rules are 
detected as errors. The receiver error output (ERR) is active high 
during one CRX period of each bit of received data that is irxxxisis- 
tent with HDB3 coding rules. 

An input string consisting of all ones (or marks) is detected and 
signaled by a high level at the Alarm Signal (AIS) output The AIS 
output is set to a high level when less than three zeros are 
received during two consecutive periods of the Reset Alarm Inhibit 
Signal (RAIS). The AIS output is subsequently reset to a low level 
when three or mo re zeros are received during two periods of the 
reset signal (RAIS). 


A diagnostic Loop-Test Mode may be entered by driving the Loop 
Test Enable Input (LTE) high. In this mode the HDB3 transmitter 
outputs (+HDB3 OUT, -HDB3 OUT) are internally connected to 
the HDB3 receiver inputs, and the external HDB3 receiver inputs, 
and the external HDB3 receiver inputs (-i^^DBS IN, -HDB3 IN) are 
disabled. The NRZ binary output signal (NRZ - OUT) corresponds 
to the NRZ binary input signal (NRZ - IN) delayed by approxi¬ 
mately 8 dock periods. 

The Clock Receiver Output (CKR) is the product of the two HDB3 
mput signals or-ed together. The CRX clock signal may be derived 
from the CKR signal with external clock extraction drcuitry. In the 
Loop Test Mode (LTE = 1) CKR is the product of the +HDB3 OUT 
and -HDB3 OUT signals or-ed together. 

The CD22103A may also be used to perform the AMI to NRZ 
coding/decoding function. To use the CD22103A hi this mode, the 
HDB3/AMI control input is driven bw. 

Error Detection 

Received HDB3/AMI binary Input signals are checked for 
coding violations, and an error signal (ERR) is generated as 
described below. 
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CD22103A 


Error Detection (Continued) 

• HDB3 Signals HDB3/AMI s High 

The error signal (ERR) is flagged high for one CTX period if 
a violation pulse (±V) is received of the same polarity as the 
last received violation pulse. 

A violation pulse (±V) is considered a reception error and 
does not cause replacement of the last string of 4 bits to 
zeros, if: 

The received 4 data bits previous to reception of the violation 
pulse have not been the sequence BXOO (where X = don't 
care). The error signal (ERR) remains low. 


1. The data sequences BOOOV and BBOOV are valid HDB3 codings 
of the NRZ binary sequence 10000. 

2. The error signal (ERR) count, is the accurate number of all single 
bit errors. 

• AMI Signals HDB3/AMI = Low 

- A coding error (ERR) is signaled when a violation pulse 
(+V) is received. 

• In either the HDB3 or AMI mode: 

- When high levels appear simultaneously on both HDB3 
inputs (+ HDB3 IN, -HDB3 IN) a logical one is assumed 
in the HDB3/AMI input stream and the error signal 
(ERR) goes high for the duration of the violation. 

Alarm Inhibit Signal 

- The alarm output (AIS) is set high if, in two succe ssive 
periods of the external Reset Alarm Signal (RAIS), less 


than three zeros are received. 

- The alarm output (AIS) Is reset low when three or more 
zeros are received during two Reset Alarm Signal peri¬ 
ods. 

Transcoder Operation 

Transmitter Coder (See Figure 1) 

The HDB3/AMI transmitter coder operates on 4-bit serial 
strings of NRZ binary data and a synchronous transmitter 
clock (CTX). NRZ binary data Is serially clocked into the 
transmitter on the negative transition of the (CTX) clock. 
HDB3/AMI coding is performed on the 4-bit string, and 
HDB3/AMI binary output data is clocked out to the (+HDB3 
OUT, -HDB3 OUT) outputs on the positive transition of the 
transmitter clock (CTX) 4 clock pulses after the data 
appeared at the (NRZ-IN) input. 

Receiver Decoder (See Figure 2) 

The HDB3/AMI receiver decoder operates on 4-bit serial 
strings of binary coded HDB3/AMI signals, and a synchro¬ 
nous receiver clock (CRX), HDB3/AMI binary data is serially 
clocked into the receiver on the positive transition of the 
(CRX) clock. HDB3/AMI decoding is performed on the 4-bit 
string, and NRZ binary output data is clocked out to the 
(NRZ-OUT) output on the positive transition of the receiver 
clock (CRX) 4 clock pulses after the data appeared at the 
(•i-HDB3 IN, -HDB3 IN) inputs. 


HANDUNG DELAY 


JVinnruiJTXLnjT^^ 


EXTERNAL GENERATED 
TERNERY HDB3 


EXTERNAL GENERATED 
AMI 


FIGURE 1. TRANSMITTER CODER OPERATION TIMING WAVEFORMS • NRZ TO HDB3/AMI CODING 
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CD22103A 


HDB3 RECEIVED SIGNAL 

+HDB3 IN 


EXTERNALLY 

SPLIT 


-HDB3 IN 
CKR 


EXTERNALLY CRX 
GENERATED 


I BBraiiW 

BSSrSiB 

iir i iuTroin ! 


HANDUNQ DELAY 


NRZ-OUT 

FIGURE 2. RECEIVER DECODER OPERATION TIMING WAVEFORMS - HDB3 TO NRZ DECODING 
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CD22103A 


- y -50% 



FIGURE 5. CRX RECONSTRUCTION REQUIREMENTS 


cRx «nJTJlJlJTJTJTJ^^ 


NRZ-OUT DATA 


FIGURE 6. RECEIVER ALARM-INHIBIT-SIGNALS TIMING WAVEFORMS 


CRX JTJTJTJTJTJIJ^^ 


FIGURE 7. RECEIVER ERROR-SIGNALS TIMING WAVEFORMS 


Definition of HDB3 Code Used in CD22103A HDB3 
Transcoder (As Per CCITRT G703 Annex Recom¬ 
mendations) and Error Detection 

Coding Of A Binary Signal Into An HDB3 Signal Is Done 

According To The Following Rules: 

1 HDB3 signal is pseudoternary; the three states are 
denoted B+, B-, and 0. 

2 Spaces (zeros) in the binary NRZ signal are coded as 
spaces In the HDB3 signal. For strings of four spaces, 
however, special rules apply (See Item 4 below). 

3 Marks (ones) in the binary signal are coded alternately as 
B+ and B- in the HDB3 signal (alternate mark inversion). 
Violations of the rule of alternate mark inversion are intro¬ 
duced when coding strings of four spaces (See Item 4 
below). 

4 Strings of four spaces in the binary signal are coded 
according to the following rules: 


A) The first space of a string is coded as a space if the polar¬ 
ity of the preceding mark of the HDB3 signal has a polarity 
opposite to the preceding violation and is not a violation by 
itself; it is coded as a mark, i.e., not a violation (i.e., B+ or 
B-), if the preceding mark of the HDB3 signal has the same 
polarity as that of the preceding violation or is by Itself a 
violation. 

This rule ensures that successive violations are of alter¬ 
nate polarity so that no dc component is introduced. 

B) The second and third spaces of a string are always coded 
as spaces. 

C) The last space of a string of four is always coded as a 
mark, the polarity of which is such that it violates the rule of 
alternate mark inversion. Such violations are denoted V+ 
or V- according to their polarity. 
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April 1993 

Features 

• Central Office Quality 

• No Front End Band Splitting Filters Required 

• Single, Low Tolerance, 5V Supply 

• Detects Either 12 or 16 Standard DTMF Digits 

• Uses Inexpensive 3.579545MHz Crystal for Reference 

• Excellent Speech Immunity 

• Output In Either 4-Bit Hexadecimal Code or Binary 
Coded 2-of-8 

• Synchronous or Handshake Interface 

• Three State Outputs 

• Excellent Latch-Up Immunity 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

CD22202E 

0°Cto+70®C 

18 Lead Plastic DIP 

CD22203E 

0°C to +70®C 

18 Lead Plastic DIP 


5V Low Power DTMF Receiver 

Description 

The CD22202 and CD22203 complete dual-tone multiple 
frequency (DTMF) receivers detect a selectable group of 12 
or 16 standard digits. No front-end pre-filtering is needed. 
The only externally required components are an inexpensive 
3.579545MHz TV “colorburst" crystal (for frequency refer¬ 
ence) and a bias resistor. Extremely high system density is 
possible through the use of the clock output of a crystal con¬ 
nected CD22202/CD22203 receiver to drive the time bases 
of additional receivers. This is a monolithic integrated circuit 
fabricated with low-power, complementary symmetry CMOS 
processing. It only requires a single low tolerance power 
supply. 

The CD22202 and CD22203 employ state-of-the-art circuit 
technology to combine the digital and analog functions on 
the same CMOS chip using a standard digital semiconductor 
process. The analog input is preprocessed by 60Hz reject 
and band splitting filters and then hard limited to provide 
AGC. Eight Bandpass filters detect the Individual tones. The 
digital post processor times the tone durations and provides 
the correctly coded digital outputs. Outputs Interface directly 
to standard CMOS circuitry and are tri-state enabled to facil¬ 
itate bus oriented architectures. 


Pinout 


Functional Diagram 


CD22202, CD22203 
(PDIP) 

TOP VIEW 


D1 [T 

HEX/i 28 [£ 
EN [T 
iN1633 [T 

VddH 

D (203 ONLY), FT 
NC(202) 

V-ssE 
XEnU 
ANALOG IN |T 


^D2 

53D4 

li]D8 

ISJCLROV 

i^DV 

lijATB 

^XIN 

iiJxouT 

iolvss 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


File Number 1695.2 
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Specifications CD22202, CD22203 


Absolute Maximum Ratings 

DC Supply Voltage (Vpo)(Referenced to Vss Terminal).+7V 

Power Dissipation 

Ta = +25°C (Derate above = +25®C at 655mW/°C.65mW 

Input Voltage Range 

All Inputs Except Analog In.(Vpp +0.5V) to -0.5V 

Analog in Voltage Range.(Vpo +0.5V) to (Vqq -10V) 

DC Current Into any Input or Output.±20mA 

Junction Temperature.+175®C 

Junction Temperature (Plastic Packages).+150°C 

Lead Temperature (Soldering 10 Sec.).+300®C 


Operating Conditions 


Operating Temperature Range.0°C to +70®C 

Storage Temperature Range.-65°C to +150°C 


NOTE: Unused inputs must be connected to Vpo or Vss as appropriate. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 
of die device at these or any other conditions above those indicated in the (^erationa! sections of this specification is not implied. 


Electricai Specifications o®c+70 °c,Vqd = 5V±io% 


PARAMETERS 

TEST CONOmONS 


TYP 

MAX 

UNITS 

Frequency Detect Bandwidth 


±(1.5 + 2Hz) 

±2.3 

±3.5 

%offo 

Amplitude for Detection 

Each Tone 

-32 

- 

-2 

dBm Referenced to 6000 

Minimum Acceptable Twist 

_ , ^ high tone 
low tone 

-10 

■ 

+10 

dB 

60Hz Tolerance 


- 

- 

0.8 


Dial Tone Tolerance 

“Precise" Dial Tone 

- 

- 

0 

dB Referenced to Lower 
Amplitude Tone 

Talk Off 

MITEL Tape #CM7291 

- 

2 

- 

Hits 

Digital Outputs (except XOUT) 

“0" Level, 400pA Load 

0 

- 

0.5 

V 

“1" Level, 200pA Load 


- 


V 

Digital Inputs 

“0" Level 

0 

- 

0.3Vdd 

V 

“1" Level 

O.TVdd 

- 

Vdd 

V 

Supply Current 

Ta = +25°C 

- 

10 

16 

mA 

Noise Tolerance 

MITEL Tape #CM7291 
(Note 1) 

- 

- 

-12 

dB Referenced to Lowest 
Amplitude Tone 

Input Impedance 

V|n^(Vdd“10) 

100kQ//15pF 

SOOkQ 

- 



NOTE: 

1. Bandwidth limited (3kHz) Gaussian noise. 
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CD22202, CD22203 


Functional Block Diagram 



NOTE: Pine: Early detect output on CD22203 only. 


System Functions 

Analog In 

The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or DC cou¬ 
pled, as long as it does not exceed the positive supply volt¬ 
age. Proper input coupling is illustrated below. 


0.01 ^iF 

AUDIO o-iC—I 


INPUT 

(•i-4dBm 

MAXIMUM) 


CD22202, CD22203 
Vdd 
f 


(ON CHIP) 


ANALOG 

IN 


OPTIONAL 
HIGH FREQUENCY 
NOISE FILTER 
(fcB 3.9kHz) 


The CD22202 and CD22203 are designed to accept sinuso¬ 
idal input waveforms, but will operate satisfactorily with any 
input that has the correct fundamental frequency with har¬ 
monics that are at least 20dB below the fundamental. 

Crystal Oscillator 

The CD22202 and CD22203 contain an on-board Inverter 
with sufficient gain to provide oscillation when connected to 
a low cost television “color-burst” (3.579545MHz) crystal. 
The crystal oscillator is enabled by tying XEN high. The crys¬ 
tal is connected between XIN and XOUT. A 1 MO resistor is 
also connected between these pins in this mode. ATB is a 
clock frequency output. Other CD22202 and CD22203 
devices may use the same frequency reference by tying their 
ATB pins to the ATB output of a crystal connected device. 
XIN and XEN of the auxiliary devices must then be tied high 
and low, respectively. Up to ten devices may be run from a 
single crystal connected CD22202 and CD22203 as shown 
In Figure 2. 


FIGURE 1. ANALOG IN 
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3.579545MHz 



DV remains high until a valid pause occurs or CLRDV is 
raised high, whichever is sooner. This handshake can save 
microprocessor time. 

DTMF Dialing Matrix 


UP T010 DEVICES 



COLO 

1209Hz 

COL1 

1336Hz 

COL 2 
1477Hz 

COLS 

1633Hz 

ROWO 

697Hz 

m 

m 

0 

0 

ROW1 

770Hz 

0 

s 

0 

0 

ROW 2 
852Hz 

m 

0 

0 

0 

ROWS 

941Hz 

□ 

0 

0 

0 


FIGURE 2. CRYSTAL OSCILLATOR 

HEX/B28 

This pin s elects the format of the digital output code. When 
HEX/B28 Is tied high, the output Is hexadecimal. When tied 
low, the output is binary coded 2-of-8. The following table 
describes the two output codes. 

TABLE 1. OUTPUT CODES 


DIGIT 

HEXADECIMAL 

BINARY CODED 2-OF-8 | 

D8 

D4 

D2 

D1 

D8 

D4 

D2 

D1 

1 

0 

0 

0 

1 

0 

0 

0 

0 

2 

0 

0 

1 

0 

0 

0 

0 

1 

3 

0 

0 

1 

1 

0 

0 

1 

0 

4 

0 

1 

0 

0 

0 

1 

0 

0 

5 

0 

1 

0 

1 

0 

1 

0 

1 

6 

0 

1 

1 

0 

0 

1 

1 

0 

7 

0 

1 

1 

1 

1 

0 

0 

0 

8 

1 

0 

0 

0 

1 

0 

0 

1 

9 

1 

0 

0 

1 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

* 

1 

0 

1 

1 

1 

1 

0 

0 

# 

1 

1 

0 

0 

1 

1 

1 

0 

A 

1 

1 

0 

1 

0 

0 

1 

1 

B 

1 

1 

1 

0 

0 

1 

1 

1 

C 

1 

1 

1 

1 

1 

0 

1 

1 

D 

0 

0 

0 

0 

1 

1 

1 

1 


NOTE: Column 3 is for special applications and is not normally used 
in telephone dialing. 

INI 633 

When tied high, this pin Inhibits detection of tone pairs con¬ 
taining the 1633Hz component. For detection of all 16 stan¬ 
dard digits, INI633 must be tied low. 

N/CPIn 

This pin has no internal connection and should be left floating. 

Digital Inputs and Outputs 

All digital inputs and outputs of the DTMF receivers are rep¬ 
resented by the schematic below. Only the “analog in” pin is 
different, and is described above. Care must be exercised 
not to exceed the voltage or current ratings on these pins as 
listed in the “maximum ratings” section. 

Vdd 


DIGITAL 

INPUT 


Vss 

FIGURE 3. DIGITAL INPUTS AND OUTPUTS 



ED 

This pin, on the CD22203 only, indicates the presence of fre¬ 
quencies which are likely to be DTMF digits, but have not yet 
been verified by a DV signal. It is comparable to a “button- 
down” output, and it Is useful as an EARLY DETECT signal to 
Interrupt a microprocessor for digit storage and validation. 

DV and CLRDV 

DV signals a detection by going high after a valid tone pair is 
sensed and decoded at the output pins D1, D2, D4, and D8. 


Input Filter 

The CD22202 and CD22203 will tolerate total Input noise of 
a maximum of 12dB below the lowest amplitude tone. For 
most telephone applications, the combination of the high 
frequency attenuation of the telephone line and internal 
band limiting make special circuitry at the input to these 
receivers unnecessary. However, noise near the 56kHz 
internal sampling frequency will be aliased (folded back) 
into the audio spectrum, so if excessive noise is present 
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above 28kHz, the simple RC filter shown below may be 
used to band limit the incoming signal. The cut off 
frequency is 3.9kHz. 


270ICO 

ANALOG 

IN 

CD22202 

0.0015(iF : 

k <33kO 

CD22203 


L 1 


Timing Waveforms 


1 l^—toN toFF-^ 

^mjse intone'bVrstzI^ 


ANALOG 

mm 

INPUT 

to h- 

D1,D2 


D4,D8 

DV — 

tsu 

-*jj2 




‘ Early Detect output is available only on the CD22203 


PARAMETERS 

Tone Time 
For Detection 

For Rejection 

Pause Time 
For Detection 

For Rejection 


TYP MAX UNITS 


FIGURE 4. FILTER FOR USE IN EXTREME HIGH FREQUENCY 
INPUT NOISE ENVIRONMENT 


Noise will also be reduced by placing a grounded trace 
around XIN and XOUT pins on the circuit board layout when 
using a crystal. It is important to note that XOUT is not 
intended to drive an additional device. XIN may be driven 
externally; in this case, leave XOUT floating. 


Detect Time 

to 

25 

- 

46 

Release Time 

tfi 

35 


50 

Data Setup Time 

tsu 

7 

- 

- 

Data Hold Time 

tH 

4.2 

- 

5 

DV Clear Time 

tcL 

- 

160 

250 

CLRDV Pulse Width 

tpw 

200 

- 

- 

ED Detect Time 

ko 

7 

- 

22 

ED Release Time 

^ER 

2 

- 

18 

Output Enable Time 

Cl = 50pF, Rl = IkO 

- 

- 

200 

300 

Output Disable Time 
Cl = 35pF, Rl = 500Q 

- 

- 

150 

200 

Output Rise Time 

Cl = 50pF 

- 

- 

200 

300 

Output Fall Time 

Cl = 50pF 

- 

- 

160 

250 


Guard Time 

Whenever the DTMF receiver is continually monitoring a 
voice channel containing distorted or musical voices or 
tones, additional guard time may be added in order to 
prevent false decoding. This may be done in software by 
verifying that both ED and DV are present simultaneously for 
about 55ms. An appropriate guard time should be selected 
to balance the fastest expected dialing speed against the 
rejection of distorted or musical voices or tones (most 
autodialers operate in the 65ms to 75ms range although a 
few generate 50ms tones). A hardware guard time circuit is 
shown in Figure 6. R3 and R4 should keep the voice 
amplitude as low as practical, while R2 and R5 adjust 
detection speed. 
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Operating and Handling Considerations 
Handling 

All inputs and outputs of CMOS devices have a network for 
electrostatic protection during handling. Recommended han¬ 
dling practices for CMOS devices are described in 
ICAN-6525 “Guide to Better Handling and Operation of 
CMOS Integrated Circuits". 

Operating 

Operating Voltage 

During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turnoff transients, power supply ripple, or ground 
noise: any of these conditions must not cause Vqq - Vss to 
exceed the absolute maximum rating. 


To prevent damage to the input protection circuit, input sig¬ 
nals should never be greater than Vdd nor less than Vss- 
input currents must not exceed 20mA even when the power 
supply is off. 

Unused Inputs 

A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vqd or 
Vss> whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Vqq or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 
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SEMICONDUCTOR 


CD22204 


March 1993 


5V Low Power Subscriber 
DTMF Receiver 


Features 

• No Front End Band Splitting Fiiters Required 

• Singie Low Tolerance 5V Supply 

• Three-State Outputs for Microprocessor Based 
Systems 

• Detects aii 16 Standard DTMF Digits 

• Uses Inexpensive 3.579545MHz Crystal 

• Excellent Speech Immunity 

• Output in 4-Bit Hexadecimal Code 

• Excellent Latch-Up Immunity 

Ordering Information 

PART NUMBER TEMP. RANGE PACKAGE 

CD22204E 0°C to +70°C 14 Lead Plastic DIP 


0°C to +70°C 


24LeadSOIC 


Description 

The CD22204 complete dual tone multiple frequency (DTMF) 
receiver detects a selectable group of 12 or 16 standard digits. No 
front-end pre-filtering is needed. The only externally required com¬ 
ponents are an inexpensive 3.579545MHz TV “colorbursf crystal 
(for frequency reference) and a bias resistor. Extremely high sys¬ 
tem density is possible through the use of the Alternate Time Base 
(ATB) output of a crystal connected CD22204 receiver to drive the 
time bases of up to 10 additional receivers. This is a monolithic 
integrated circuit fabricated with low power, complementary sym¬ 
metry CMOS processing. It only requires a singie power supply. 

The CD22204 employs state-of-the-art “switched-capacitor" filter 
technology, resulting in approximately 40 poles of filtering and dig¬ 
ital circuitry on the same CMOS chip. The analog Input is prepro¬ 
cessed by 60Hz reject and bandsplitting filters and then zero-cross 
detected to provide AGC. Eight bandpass filters detect the individ¬ 
ual tones. Digital processing is used to measure the tone and 
pause durations and provides the correctly coded and timed digital 
outputs. The outputs interface directly to standard CMOS circuitry 
and are tri-state enabled to fadlitate bus oriented architectures. 


Pinouts 


CD22204 (PDIP) 
TOP VIEW 


ANALOG rr 
IN^ 



CD22204 (SOIC) 
TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications CD22204 


Absolute Maximum Ratings (Note i) 

DC Supply Voltage (VDD)(R6ferenced to Vss Terminal).+7V 

Power Dissipation 

Ta = +25°C (Derate above = +25°C at 655mW/°C.65mW 

Input Voltage Range 

All Inputs Except Analog In. (Vdd +0.5V) to -0.5V 

Analog In Voltage Range. (Vqq ■K).5V) to (Vqq -10V) 

DC Current into any Input or Output.±20mA 

Junction Temperature.+175°C 

Junction Temperature (Plastic Packages).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 


Operating Conditions 


Operating Temperature Range.0°C to +70°C 

Storage Temperature Range.-65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications o°c ^ Ta $ +70°c, Vqd = 5V ±io% 


PARAMETERS 

TEST CONDITIONS 


TYP 

MAX 

UNrrs 

Frequency Detect Bandwidth 


±(1.5 + 2Hz) 

±2.3 

±3.5 

%offo 

Amplitude for Detection 

Each Tone 

-32 

(Note 3) 

- 

-2 

dBm Referenced to 600Q 

Minimum Acceptable Twist 

_ . ^ high tone 

Twist = - 7 ^—- 

low tone 

-8 

- 

+4 

dB 

60Hz Tolerance 


- 

- 

0.8 

Vrms 

Dial Tone Tolerance 

“Precise" Dial Tone 

- 

- 

0 

dB Referenced to Lower 
Amplitude Tone 

Talk Off 

MITEL Tape #CM7291 

- 

2 

- 

Hits 

Digital Outputs (except XOUT) 

“0" Level, 400pA Load 

0 

- 

0.5 

V 

“1" Level, 200pA Load 

IIIIIIIQI^Q^^ 

- 

Vdd 

V 

Digital Inputs 

“0" Level 

0 

- 

0.3Vdd 

V 

“1" Level 

0.7Vdd 

- 

Vdd 

V 

Supply Current 


- 

10 

20 

mA 

Noise Tolerance 

MITEL Tape #CM7291 
(Note 2) 

- 

- 

-12 

dB Referenced to Lowest 
Amplitude Tone 

Input impedance 

VoD^ V|n^(Vdd -10) 

100kQ//15pF 

300kO 

- 



NOTES: 

1. Unused inputs must be connected to Vqq or Vss ^ appropriate. 

2. Bandwidth limited (3kHz) Gaussian noise. 

3. Lower minimum available, please contact sales office. 
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System Functions 

Analog In 

The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or DC cou¬ 
pled, as long as it does not exceed the positive supply volt¬ 
age. Proper input coupling is illustrated below. 



OPTIONAL 
HIGH FREQUENCY 
NOISE HLTER 
(fcs 3.9kHz) 


The CD22204 is designed to accept sinusoidal input wave¬ 
forms, but will operate satisfactorily with any input that has 
the correct fundamental frequency with harmonics that are 
at least 20dB below the fundamental. 

Crystal Oscillator 

The CD22204 contains an on-board inverter with sufficient 
gain to provide oscillation when connected to a low cost tele¬ 
vision “color-burst” (3.579545MHz) crystal. The crystal oscil¬ 
lator is enabled by tying XEN high. The crystal is connected 
between XIN and XOUT. A 1MO resistor is also connected 
between these pins In this mode. ATB is a clock frequency 
output. Other CD22204 devices may use the same fre¬ 
quency reference by tying their ATB pins to the ATB output of 
a crystal connected device. XIN and XEN of the auxiliary 
devices must then be tied high and low, respectively. Up to 
ten devices may be run from a single crystal connected 
CD22204 as shown in Figure 2. 


FIGURE 1. ANALOG IN 































CD22204 


DTMF Dialing Matrix 



UP T010 DEVICES 

FIGURE 2. CRYSTAL OSCILLATOR 
Outputs D1, D2, D4, D8 and EN 

Outputs D1, D2, D4, D8 are CMOS push-pull when enabled 
(EN high) and open circuited (high impedance) when dis¬ 
abled by pulling EN low. These digital outputs provide the 
hexadecimai code corresponding to the detected digit. The 
digital outputs become valid after a tone pair has been 
detected and they are then cleared when a valid pause is 
timed. The table below describes the hexadecimai codes. 

TABLE 1. OUTPUT CODES 




COLO 

1209Hz 

COL1 

1336Hz 

COL 2 
1477Hz 

COL 3 
1633Hz 

ROWO 

697Hz 

m 

[H 

m 

0 

ROW1 

770Hz 

m 

m 

0 

0 

ROW 2 
852Hz 

m 

m 

0 

0 

ROW 3 
941Hz 

□ 

[a 

0 

0 


NOTE: Column 3 is for special applications and is not normaliy used 
in telephone dialing. 

Digital Inputs and Outputs 

All digital Inputs and outputs of the DTMF receivers are rep¬ 
resented by the schematic below. Only the “analog in” pin is 
different, and is described above. Care must be exercised 
not to exceed the voltage or current ratings on these pins as 
listed in the “maximum ratings” section. 



FIGURE 3. DIGITAL INPUTS AND OUTPUTS 
Input Filter 

The CD22204 will tolerate total input noise of a maximum 
of 12dB below the lowest amplitude tone. For most 
telephone applications, the combination of the high 
frequency attenuation of the telephone line and internal 
band limiting make special circuitry at the input to these 
receivers unnecessary. However, noise near the 56kHz 
internal sampling frequency will be aliased (folded back) 
into the audio spectrum, so if excessive noise is present 
above 28kHz, the simple RC filter shown below may be 
used to band limit the incoming signal. The cut off 
frequency is 3.9kHz. 


DV signals a detection by going high after a valid tone pair Is 
sensed and decoded at the output pins D1, D2, D4, and D8. 
DV remains high until a valid pause occurs. 

N/CPIn 

This pin has no internal connection and should be left floating. 


270kn 

X AAAj • 

ANALOG 



t 

Uu2Z2y4 

0.0015^F 4? 

$33ka 



FIGURE 4. FILTER FOR USE IN EXTREME HIGH FREQUENCY 
INPUT NOISE ENVIRONMENT 
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Noise will also be reduced by placing a grounded trace 
around XIN and XOUT pins on the circuit board layout when 
using a crystal. It is important to note that XOUT is not 
intended to drive an additional device. XIN may be driven 
externally; in this case, leave XOUT floating. 

Timing Waveforms 


TONE BURST 1 

ANALOG 


^toFF-^ 



PAUSE 

^TONE BURST 2^ 

INPUT 

D1,D2 

•d h- 

tR 


1 


1 1 . 1 

D4,D8 ““ 

tsu 

_ 1 - 1 _ 

DV 




FIGURE 5. 


PARAMETERS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

Tone Time 

For Detection 

toN 

40 



ms 

For Rejection 

toN 

- 

- 

20 

ms 

Pause Time 

For Detection 

foFF 

40 

. 


ms 

For Rejection 

foFF 

- 

- 

20 

ms 

Detect Time 

fo 

25 

- 

46 

ms 

Release Time 

tR 

35 


50 

ms 

Data Setup Time 

tsu 

7 

- 

- 

ps 

Data Hold Time 

tH 

4.2 

- 

5 

ms 

Output Enable Time 

Cl = 50pF, Rl = 1kQ 

- 

- 

200 

300 

ns 

Output Disable Time 
Cl = 35pF, Rl^SOOQ 

- 

- 

150 

200 

ns 

Output Rise Time 

Cl = 50pF 

- 

- 

200 

300 

ns 

Output Fall Time 

Cl = 50pF 

“ 

- 

160 

250 

ns 
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Monolithic PCM Repeater 


Features 


Description 

• Automatic Line Buiidout 


The CD22301 monolithic PCM repeater circuit is designed 

• Supply Voltage. 

.5.1V 

for T1 carrier systems operating with a bipolar pulse train of 
1.544Mbits/s. It can also be used in the T148 carrier system 

• Buffered Output 


operating with a ternary pulse train of 2.37Mbits/s. The cir¬ 
cuit operates from a 5.1 V ±5% externally regulated supply. 

Applications 


The CD22301 provides active circuitry to perform all func¬ 

• Bipolar Carrier System. 

.T1 1.544Mbits/s 

tions of signal equalization and amplification, automatic line 
buildout (ALBO), threshold detection, clock extraction, pulse 

• Ternary Carrier System. 

.T148 2.37Mbits/s 

timing and buffered output formation. 


Ordering Information 


Pinout 


CD22301, (PDIP) 
TOP VIEW 


18| SUBSTRATE 
ALBO BIAS 
^ OSC BIAS 
li| LC TANK INPUT 

lilVcc 

lH CLOCK UMITER OUTPUT 
12 ] TIMING PULSE INPUT 
53 OUTPUT PULSE 1 
iil OUTPUT PULSE 2 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications CD22301 


Absolute Maximum Ratings 


Recommended Operating Conditions 

Operating Temperature Range. .-4 


Supply Voltage.10V Operating Temperature Range...-40®C ^ T^ ^ +85®C 

Input Current (Into Pin 9 or 10).25mA Storage Temperature Range.-65°C ^ T^ < +150°C 

Peak Current (Into Pin 9 or 10).100mA 

Input Surge Voltage (Between Pins 5 ancle, t = 10ms).50V 

Output Surge Voltage (Between Pins 10 and 11, t = 1 ms).50V 

Power Dissipation 

For Ta = -40°C to +60°C. 500mW 

For Ta = +60°C to +85°C .. Derate Unearly 12mW/oc to 200mW 
Device Dissipation per Output Transistor 

For Ta = Full Package Temperature Range (All Types).lOOmW 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratir^s“ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications Ta = +25°C, Vcc = 5.1V ± 5% (See Figure 4) 


PARAMETERS 


DC VOLTAGES 


ALBO Pins (Pins 2, 3,4 and 17) 


Pre Amp Inputs and Outputs (Pins 5,6,7 and 8) 


Output Pulse 1,2 (Pins 10 and 11) 


Osciilator/Clock (Pins 12,13,15 and 16) 


DC CURRENTS 




Output Pulse 1,2 (Pins 10 and 11) 


22 

30 

mA 

0 

100 

pA 


Dynamic Electricai Specifications Ta = +25°c, Vcc = 5.iv ± 5% 


PARAMETERS 


Preamplifier Input Impedance 


Preamplifier Output Impedance 


Preamplifier Gain at 2.37MHz 


Preamplifier Output Offset Voltage 


Clock Limiter input Impedance 


ALBO Off Impedance 


ALBO On Impedance 


DATA Threshold Voltage 


CLOCK threshold Voltage 


ALBO Threshold 


VTH(D)as%ofVTH(AL) 


VjH(CL)as%ofVTH(AL) 


Buffer Gate Voltage (low) 


Differential Buffer Gate Voltage 


Output Pulse Rise Time 


SYMBOL 


Z 


ZoUT 


Ao 


AVout 


Z|n(CL) 


Zalbo(o^ 


ZaLBo(OI^) 


Vth(D) 


Vth(CL) 


Vth(AL) 




47 

50 

-50 

0 



UNITS 


kO 

kO 


dB 


mV 


kO 


kn 


Cl 



0.7 

0.78 

1.1 

1.28 

1.5 

1.6 

47 

49 

73 

80 

0.8 

0.95 

0 

0.15 
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Specifications CD22301 


Dynamic Electrical Specifications = +25°c, Vcc=5.1 v ± 5 % 


PARAMETERS 

SYMBOL 

FIGURE 

NOTE 

Output Pulse Fall Time 

tp 

4,8 

9,10 

Output Pulse Width 

tw 

4.8 

9,10 

Pulse Width Differential 

Atw 

4,8 

9,10 



Clock Drive Current 


NOTES: 

1. No signal input. Measure voltage between pins 7 and 8. 

2. Measure clock limiter input impedance at pin 15. See Figure 5. 

3. Adjust potentiometer for OV (See Figure 5). Measure ALBO off impedances from pins 2,3 and 4 to pin 1. 

4. Increase potentiometer until voltage at pin 17 = 2V (See Figure 5). Measure ALBO on impedances from pins 2,3 and 4 to pin 1. 

5. Adjust potentiometer for AV = OV (See Figure 6). Then slowly increase AV in the positive direction until pulses are observed at the DATA 
terminal. 

6. Continue increasing AV until the DC level at the clock terminal drops to 4V (See Figure 6). 

7. Continue increasing AV until the ALBO terminal rises to IV (See Figure 6). 

8. Turn potentiometer in the opposite direction and measure negative threshold voltages by repeating tests outlined in notes 5,6 and 7. 

9. Set ejN = 2.75mVRMs at f - 1.185MHz. Adjust frequency until maximum amplitude is obtained at pin 15. Observe output pulses at pins 
10 and 11. 

10. Adjust input signal amplitude until pulses just appear in outputs, increase input amplitude by three dB. 



FROM ALBO 
PEAK DETECTOR 


FIGURE 1. ALBO OUTPUT CIRCUIT 
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TO AMPURER 


FROM CLOCK 
THRESHOLD DETECTOR 


TO TIMING 

PULSE 

AMPURER 


FIGURE 2. CLOCK INTERFACE CIRCUIT 


FIGURE 3. PHASE-SHIFT INTERFACE CIRCUITS 


;p0.68^F 


* Cl AND Li 

RESONATE AT 1.272MHz 


0.1 nF 

•IN 


:8.2kn hF^ 


3.831(0 lOOuH 


20 

1300 pF-5Er 

_A A A __ 


Vcc*5.1V 


PULSE OUTPUT 


FIGURE 4. DC AND OUTPUT PULSE TEST CIRCUIT 




0.01 pFFp 


► Vcc«5.1V 


FIGURE 5. TEST CIRCUIT FOR IMPEDANCE MEASUREMENT 
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SEMICONDUCTOR 


JQ(|aniti13993 


CD22354A 

CD22357A 

CMOS Single-Chip, 
Full-Feature PCM CODEC 


Features 

• Meets or Exceeds All AT&T D3/D4 Specifications and CCITT Recommendations 

• Complete CODEC and Filtering Systems: No External Components for 
Sample^nd-Hold and Auto-Zero Functions. Receive Output Filter with 
(SIN xyx Correction and Additional 8kHz Suppression 

• Variable Data Clocks-From 64kHz.2.1MHz 

• Receiver Includes Power-Up Click Filter 

• TTL or CMOS-Compatible Logic 

• ESD Protection on All inputs and Outputs 

Applications 

• PABX 

• Central Office Switching Systems 

• Accurate A/D and D/A Conversions 

• Digital Telephones 

• Cellular Telephoite Switching Systems 

• Voice Scramblers-Descramblers 

• T1 Conference Bridges 

• Voice Storage and Retrieval Systems 

• Sound Based Security Systems 

• Computerized Voice Analysis 

• Mobile Radio Telephone Systems 

• Microwave Telephone Networks 

• Fiber-Optic Telephone Networks 


Description 

The CD22354A and CD22357A are monolithic silicon- 
gate, double-poly CMOS integrated circuits containing 
the baixl-limiting filters and the companding A/D and D/A 
conversion circuits that conform to the AT&T D3/D4 
specifications and CCITT recommendations. The 
CD22354A provides the AT&T p-law and the CD22357A 
provides the CCITT A-law companding characteristic. 

The primary applications for the CD22354A and 
CD22357A are in telephone systems. These circuits 
perform the analog and digital conversions between the 
subscriber loop and the PCM highway in a digital 
switching system. The functional block diagram is 
shown below. 

With flexible features, including synchronous and 
asynchronous operations and variable data rates, the 
CD22354A and CD22357A are ideally suited for PABX, 
central office switching system, digital telephones as 
well as other appficafions that require accurate A/D and 
D/A conversions and minimal conversion time. 


Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE 


NUMBER RANGE _ PACKAGE I 

CD22354AE -40°Cto+80°C 16 Lead Plastic DIP 
CD22357AE -40°C to +80°C 16 Lead Plastic DIP 


Pinout 


CD22354A, CD22357A 
(PDIP) 

TOP VIEW 


Functional Block Diagram 


FULL-FEATURE PCM CODEC 



) ■ III I I I XMIT I I XMiT I 

anti-allasLJ low LJ high I 

FILTER n PASS rH PASS I 
.. ' IfILTErI I FILTER I 


or 


COMPARATOR 



XMIT 


Vref 


I BAND I 
GAP I 

reference! 


ISMOOTHINGL 
1 FILTER r 


RECEIVE 
LOW PASS 
FILTER 



pD 

S.A.R. 


I XMIT DIGITAL 


I D/A 

I REGISTER 



Rev 


r 

J RECEIVE 1 
iD/A ladder! 


PARALLEL! in 

TO I iS" 

SERIAL I JL 
. . ■ ■ ■ — J 13 


SERIAL I 7 
TO I “tr 

parallel! -J® 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 _ . _ 
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Specifications CD22354A, CD22357A 


Absolute Maximum Ratings 


Reliability Information 


DC Supply-Voltage, (V+) ..... 

.-0.5 to +7V 

Operating-Temperature Range (T^) .. 

......40°Cto+80°C 

DC Supply-Voltage, (V-).... 

.+0.5to-7V 

Storage Temperature (Tstq) • .... 

. ...-65°Cto+150°C 

DC Input Diode Current, 




liK (V, < V- -0.5V or V, > V+ +0.5V). 




DC Output Diode Current, 




loK (V, < V- -0.5V or Vo > V+ +0.5V)..... 

.±20mA 



DC Drain Current, Per Output 




lo (V- -0.5V < Vo < V+ +0.5V) . 




DC Supply/Ground Current.... 




Power Dissipation Per Package (Pq): 




ForTA = -40°Cto+60°C.. 

. 500mW 



ForTA=:+60°Cto+85°C.1 

Derate Linearly at 8mW/®C 




to 300mW 



Junction Temperature. 

.+175®C 



Junction Temperature (Plastic Package) 

.+150®C 



Lead Temperature (Soldering 10 Sec.).. 

. +300®C 



CAUTION: Stresses above those listed in “Absoiute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the qperadonai sections of this specification is not implied. 


Static Electrical Specifications 

AtTA = +25°C 




PARAMETER 


Positive Power Supply 


Negative Power Supply 


Power Dissipation (Operating) 


Power Dissipation (Standby) 


SYMBOL 


V+ 


TEST CONDITIONS 



LIMITS 

TYP 

MAX 

5 

5.25 

-5 

-5.25 

75 

90 

9 

15 



Static Electrical Specification At t^ = o°c to 70°C; v+ = sv ± 5 %. v- = -5V ± 5 % 


PARAMETER 


Analog Input Resistance 


Input Capacitance 


Input Leakage Current, Digital 


Low Level Input Voltage 


High Level Input Voltage 


Low Level Output Voltage 


High Level Output Voltage 


Open State Output Current 


Input Leakage Current, Analog 
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Specifications CD22354A, CD22357A 


Transmit and Receive Filter Transfer Characteristics 

V+ = 5V ±5%, V- = -5V ± 5%, BCLKq = BCLKx = MCLKx = 1.544MHz, V,n = OdBmO, Ta = 0®C to 70°C 





LIMITS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Transmit Gain 

(Relative to Gain at 1020Hz) 

Input Amplifier Set to Unity Gain 

Grx 

f = 16Hz 

- 

- 

-40 

dB 


f = 50Hz 

- 

- 

-30 

dB 



f = 60Hz 

- 

- 

-26 

dB 



1 = 200Hz 

-1.8 

- 

-0.1 

dB 



f=: 300 to 3000Hz 

-0.15 

- 

0.15 

dB 



f = 3300Hz 

-0.35 

- 

0.05 

dB 



f = 3400Hz 

-0.7 

- 

0 

dB 



f = 4000Hz 

- 

- 

-14 

dB 



f^ 4600Hz, 

Measure 0 - 4kHz Response 

■ 

■ 

-32 

dB 

Receive Gain 

(Relative to Gain at 1020Hz) 

(Includes (SIN X)/X Compensation) 

Grr 

f = OHz to 3000Hz 

-0.15 

- 

0.15 

dB 


f = 3300Hz 

-0.35 

- 

0.05 

dB 



f = 3400Hz 

-0.7 

- 

0 

dB 



f = 4000Hz 

- 

- 

-14 

dB 


A.C. Specifications Definition 

Unless otherwise specified, the foilowing conditions apply: 

V+ = 5V ± 5%, V- = -5V ± 5% AMPLITUDE RESPONSE 

GNDa, GNDq = OV, Fpx = 1020Hz at OdBmO Absolute Levels Definition: 

Transmit Input amplifier operating in a unity gain configuration = "2.5V 

Temperature...0°C to 70°C Nominal 0 dBmO level.4dBm into 600Q 

Receive output Is measured single-ended. All output levels are 1 .2276 Vrms 

(SIN X)/X corrected. Maximum Overload Level: 

Voltage reference (VpEp) of -2.5V.2.5V p-Law 

2.49V A-Law 







































































Specifications CD22354A, CD22357A 


A.C. Distortion Specifications 



Signal to Total Distortion 
Xmlt or Rev 


Single Frequency Distortion 
Xmlt or Rev 


Intermodulatlon 
(End-to-End Measurement) 
2-Tone 


Transmit Delay, Absolute 


Transmit Envelope Delay 
Relative to toAx 


Receive Delay, Absolute 


Receive Envelope Delay 
Relative to tpAP 


SFDx, SFDr 


A.C. Specifications; Gain Tracking 


PARAMETER 


Transmit Gain Tracking Error 


Receive Gain Tracking Error 



TESTCONOmONS 


STDv, STDr Level = +3dBmO 


Level = 0 to -30dBm0 


Level = -40dBm0 



TEST CONDITIONS 


GTX +3to-40dBm0 


-40to-50dBm0 


-50to-55dBm0 


GTR +3 to -40dBm0 


-40 to -SOdBmO 


-50 to -55dBmO 
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Specifications CD22354A, CD22357A 


A.C. Specifications: Gain Tracking (Continued) 


PARAMETER 


Transmit Input Amplifier Gain, 
Open Loop 


Transmit Input Amplifier Gain, 
Unity 


Transmit Gain, Absolute 


Receive Gain, Absolute 


A.C. Noise Specifications 


PARAMETER 


Transmit Noise 


Receive Noise 


V+ Power Supply Rejection 
Transmit 


V- Power Supply Rejection 
Transmit 


V-f Power Supply Rejection 
Receive 


V- Power Supply Rejection 
Receive 


Cross Talk Transmit to Receive 


Cross Talk Receive to Transmit 



TEST CONDITIONS 


Rt.^1MaatGSx 


Unity Gain Configuration 
Inverting or Non-inverting 
Rl^IOK, Cl^SOpF 


Rl^IOK, Ct^SOpF 


Rl^600V, Cl^SOOpF 









TEST CONDITIONS 


VFxl- = GND 
VFxl+ = GND 


PCM Code Equivalent 
to Zero Volts 


VFxl+ = OV 

V+ = 5V + (100mVRMs) 
f = 0to 50kHz 


VFxl- = 0V 

V- = -5V + (100mVRMs) 
f = 0to 50kHz 


PCM Code = Alii Code 
V+ = 5V + (100mVRMs) 
f = 0to4kHz 


f=: 4k to 25kHz 


f» 25k to 50kHz 


PCM Code = Ail 1 Code 
V- = -5V + (100mVRMs) 
f = 0to4kHz 


f== 4k to 25kHz 


f = 25k to 50kHz 


VFxl- = 0dBm0 at 1020Hz 


Dr = 0dBm0 at 1020Hz, 
VFxl- = 0V 



8-50 










































































































Specifications CD22354A, CD22357A 


A.C. Timing Specifications 



Width of Master Clock High 


Width of Master Clock Low 


Rise Time of Master Clock 


Fall Time of Master Clock 


Set-up Time from BCLKx High 
(and FSx In Long Frame Sync 
Mode) to MCLKx Falling Edge 


Period of Bit Clock 


Width of Bit Clock High 


Width of Bit Clock Low 


Rise Time of Bit Clock 


Fall Time of Bit Clock 


Hold Time from Bit Clock Low to 
Frame Sync 


Hold Time from Bit Clock High to 
Frame Sync 


Set-up Time from Frame Sync to 
Bit Clock Low 


Delay Time from BCLKx High to 
Data Valid 


Delay Time to TSx Low 


Delay Time from BCLKx Low or 
FSx Low to Data Output Disabled 


Delay Time to Valid Data from 
FSx or BCLKx, Whichever Comes 
Later 


Set-up Time from Dr Valid to 
BCLKr/x Low 


Hold Time from BCLKr^ Low to 
Dr Invalid 


Set-up Time from FSx/r to BCLKx/r 
L ow 


Hold Time from BCLKx/r Low to 
FSxm Low 


TEST CONDITIONS 


Depends on the Device Used 
and the BCLKr/CLKSEL Pin 


MCLKx and MCLKr 


MCLKx and MCLKr 


MCLKx and MCLKr 


MCLKx and MCLKr 


MCLKx and MCLKr 


First Bit Clock after the Leading 
Edge of FSx 




Long Frame Only 


Load = 150pF plus 2 LSTTL 
Loads 


Load = 150pF plus 2 LSTTL 
Loads 


CL = 0pFto150pF 





Short Frame Sync Pulse 
(1 or 2 Bit Clock Periods Long) 
(Note 1) 


Short Frame Sync Pulse 
(1 or 2 Bit Clock Periods Long) 
(Note 1) 



00 
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Specifications CD22354A, CD22357A 


A.C. Timing Specifications (Continued) 


PARAMETER 

SYMBOLS 

TESTCONOmONS 

LiMrrs 

UNITS 

MIN 

TYP 

MAX 

Hold Time from 3rd Period of Bit 
Clock Low to Frame Sync 
(FSx or FSr) 

fHBR 

Long Frame Sync Pulse 

(from 3 to 8 Bit Clock Periods Long) 

100 

* 

* 

ns 

Minimum Width of the Frame 

Sync Pulse (Low Level) 

twFL 

64K Bit/s Operating Mode 

160 

- 

■ 

ns 


NOTE: 

1. For short frame sync timing, FSx and FSr must go high while their respective bit clocks are high. 


Pin Function and Description 


PIN NO. 

SYMBOL 

DESCRIPTION 

■■ 

V- 

Negative power supply, V- = -5V ± 5%. 

2 

GND 

Analog and digital ground. All signals referenced to this pin. 

3 

VFrO 

Analog output of RECEIVE FILTER. 

4 

V+ 

Positive power supply, V+ = +5V ± 5%. 

5 

FSr 

Receive Frame Sync Pulse which enables BCLKr to shift PCM data into Dr. FSr is an 8kHz PULSE 
TRAIN. 

6 

Dr 

Receive Data Input. PCM data is shifted into Dr following the FSr leading edge. 

■ 

BCLKr/CLKSEL 

The Receive Bit Clock, which shifts data into Dr after the frame sync leading edge, may vary from 64kHz 
to 2.048MHz. Alternatively, the leading edge may be a logic input which selects either 1.536MHz/ 

1 .544MHz or 2.048MHz for Master Clock in synchronous mode and BCLKx is used for both transmit and 
receive directions. 

8 

MCLKr/PDN 

Receive Master Clock. Must be 1.536MHz, 1 .544MHz or 2.048MHz. May be asynchronous with MCLKx, 
but best performance is realized from synchronous operation. When this pin is continuously connected 
low, MCLKx is selected for all internal timing. When this pin is continuously connected high, the device is 
powered down. 

9 

MCLKx 

Transmit Master Clock. Must be 1.536MHz, 1.544MHz or 2.048MHz. May be asynchronous with MCLKr, 
but best performance is realized from synchronous operation. 

10 

BCLKx 

The Bit Clock which shifts out the PCM Data on Dx. May vary from 64kHz to 2.048MHz, but must be syn¬ 
chronous with MCLKx. 

11 

Dx 

The TRI-STATE PGM Data Output which Is enabled by FSx- 

12 

FSx 

Transmit Frame Sync Pulse input which enables BCLKx to shift out the data on Dx- FSx an 8kHz 
PULSE TRAIN. 

13 

TSx 

Open drain output which pulses low during the encoder time slot. 

14 

GSx 

Transmit gain adjust. 

15 

VFxl- 

Inverting Input of the transmit input amplifier. 

16 

VFxl+ 

Non-inverting input of the transmit input amplifier. 
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CD22354A, CD22357A 


Functional Description 

Power-Up 

When power is first applied, the Power-On reset circuitry initial¬ 
izes the CODEC and ^aces it in a Power-Down mode. When the 
CODEC returns to an active state from the Power-Down mode, 
the receive output is muted briefly to minimize tum-on “dick”. 

To power up the device, there are two methods available. 

1. A logical zero at MCLKr/PDN will power up the device, 
provided PSy or FSr pulses are present. 

2. Alternatively, a clock (MCLKr) must be applied to MCLKr/ 
PDN and FSx or FSr pulses must be present. 

Power-Down 

Two power-down modes are available. 

1. A logical 1 at MCLKr/PDN, after approximately 0.5ms, will 
power down the device. 

2. Alternatively, hold both FSx sind FSr continuously low, 
the device will power down approximately 0.5ms after the 
last FSx or FSr pulse. 

Synchronous Operation 

(Transmit and Receive Sections use the Same Master 
Clock) 

The same master clock and bit-clock should be used for the 
receive and transmit sections. MCLKx (pin 9) is used to provide 
the master clock for the transmit section; the receive section will 
use the same master clock If the MCLKr/PDN (pin 8) is 
grounded (synchronous operation), or at V+ (power-down 
mode). MCLKr/PDN may be clocked only if a clock is provided 
at BCLKr/CLKSEL (pin 7) as in asynchronous operation. 

The BCLKx (pin 10) is used to provide the bit clock to the trans¬ 
mit section, in synchronous operation, this bit clock is also used 
for the receive section if MCLKr/PDN (pin 8) Is grounded. 
BCLKr/CLKSEL (pin 7) is then used to select the proper Inter¬ 
nal frequency division for 1.544MHz. 1.536MHz or 2.048MHz 
operation (see Table below). For 1.544MHz operation, the 
device automatically compensates for the 193rd clock pulse 
each frame. 

Each FSx pulse begins the encoding cycle and the PCM data 
from the previous encode cycle Is shifted out of the enabled Dx 
output on the leading edge of BCLKx. After 8 bit-clock periods, 
the tristate Dx output is returned to a high Impedance state. 
With an FSr pulse, PCM data is latched via the Dr Input on the 
negative edge of the BCLKx- FSx FSr must be synchro¬ 
nous with MCLKx- 

CLOCKING OPTIONS 



BCLKr/CLKSEL 

MASTER CLOCK 
FREQUENCY SELECTED 

MODE 

(PIN 7) 

CD22354A (p) 

CD22357A (A) 

Asynchronous 

or 

Synchronous 

Clocked 

1.536MHz or 
1.544MHz 

2.048MHz 

Synchronous 

0 

2.048MHz 

1.536MHz or 
1.544MHz 

Synchronous 

1 (or open circuit) 

1.536MHz or 
1.544MHz 

2.048MHz 


Asynchronous Operation 

(Transmit and Receive Sections use Separate Master 
Clocks) 

For the CD22357A, the MCLKx and MCLKr must be 
2.048MHz and for the CD22354A must be 1.536MHz or 
1.544MHz. These clocks need not be synchronous. However, 
for best transmission performance, it is recommended that 
MCLKx and MCLKr be synchronous. 

For 1.544MHz operation the device automatically compensates 
for the 193rd clock pulse each frame. FSx starts the encoding 
operation and must be synchronous with MCLKx and BCLKx- 
FSr starts the decoding operation and must be synchronous 
with BCLKr. BCLKr must be clocked in asynchronous opera¬ 
tion. BCLKx and BCLKr may be between 64kHz - 2.04MHz. 

Short-Frame Sync Mode 

When the power is first applied, the power initialization circuitry 
places the CODEC In a short-frame sync mode. In this mode 
both frame sync pulses must be 1 bit-clock period long, with the 
timing relationship shown In Figure 1. 

With FSx high during the falling edge of the BCLKx, the next 
rising edge of BCLKx enables the Dx tristate output buffer, 
which will output the sign bit. The following rising seven edges 
clock out the remaining seven bits upon which the next falling 
edge will disable the Dx output. 

With FSr high during the falling edge of the BCLKr (BCLKx in 
synchronous mode), the next falling edge of BCLKr latches In 
the sign bit. The following seven edges latch in the seven 
remaining bits. 

Long-Frame Sync Mode 

In this mode of operation, both of the frame sync pulses must 
be three or more bit-clock periods long with the timing relation¬ 
ship shown in Figure 2. 

Based on the transmit frame sync FSx, CODEC will sense 
whether short or long-frame sync pulses are being used. 

For 64kHz operation the frame sync pulse must be kept low for 
a minimum of 160ns. 

The Dx tristate output buffer is enabled with the rising edge of 
FSx or the rising edge of the BCLKx, whichever comes later 
and the first bit clocked out is the sign bit. The following seven 
rising edges of the BCLKx clock out the remaining seven bits. 
The Dx output is disabled by the next falling edge of the BCLKx 
following the 8th rising edge or by FSx 90 i '^9 low whichever 
comes later. 

A rising edge on the receive frame sync, FSr, will cause the 
PCM data at Dr to be latched in on the next falling edge of the 
BCLKr. The remaining seven bits are latched on the succes¬ 
sive seven falling edges of the bit-clock (BCLKx in synchronous 
mode). 

Transmit Section 

The transmit section consists of a gain-adjustable input op- 
amp, an anti-aliasing filter, a low-pass filter, a high-pass filter 
and a compressing A/D converter. The input op-amp drives a 
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RC active anti-aliasing filter. This filter eliminates the need for 
any off-chip filtering as it provides 30-dB attenuation (minimum) 
at the sampling frequency. From this filter the signal enters a 
5th order low-pass filter clocked at 128kHz, followed by a 3rd 
order high-pass filter clock at 32kHz. The output of the hi^-pass 
filter directly drives the encoder capacitor ladder at an 8kHz 
sampling rate. A precision voltage reference is trimmed in 
manufacturing to provide an input overload of nominally 2.5 
VpEAK- Transmit frame sync pulse FSx controls the process. The 
8 -bit PCM data is clocked out at Dx by the BCLXx. BCLKx can 
be varied from 64kHz to 2.048MHz. 


Receive Section 

The receive section consists of an expanding D/A converter and 
a bw-pass filter which fulfills both the AT&T D3/D4 specifications 
and CCITT recommendations. PCM data enters the receive sec¬ 
tion at Dr upon the occurrence of FSr, Receive Frame sync 
pulse. BCLKr, Receive Data Clock, which can range from 64kHz 
to 2.048MHz, clocks the 8-bit PCM data Into the receive data 
register. A D/A conversion is performed on the 8-bit PCM data 
and the corresponding analog signal is held on the D/A capacitor 
ladder. This signal is transferred to a switched capacitor low-pass 
filter clocked at 128kHz to smooth the sample-and-hoid signal as 
v\/eil as to compensate for the (SIN X)/X distortion. 

The filter is then foibwed by a second order Sallen and Key 
active filter capable of driving a 600D load to a level of 7.2dBm. 
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SEMiQONPUCTOR 


CD22M3493 


March 1993 


12x8x1 BiMOS-E 
Crosspoint Switch 


Features 

• 96 Analog Switches 

• Low Ron 

• Guaranteed Rqn Matching 

• Analog Signal input Voltage Equal To The Supply Voltage 

• Wide Operating Voltage: 4V To 16V 

• Parallel Input Addressing 

• High Latch Up Current: 50mA Minimum 

• Very Low Crosstalk 

• Pin And Functionally Compatible With The Following 
Types: SGS M3493, SGS M093, SSI 78A093A, and 
Mitel MT8812 

Applications 

• PBX Systems 

• Instrumentation 

• Analog And Digital Multiplexers 

• Video Switching Networks 


Description 

The Harris CD22M3493 is an array of 96 analog switches capa¬ 
ble of handling signals from DC to video. Because of the switch 
structure, mput signals may swing through the total supply volt¬ 
age range, Vqd to Vss- Each of the 96 switches may be 
addressed via the ADDRESS input to the 7 to 96 line decoder. 
The state of the addressed switch is established by the signal to 
the DATA input. A low or logic zero input will open the switch, 
while a high logic level or a one will result in closure of the 
addressed switch when the STROBE input goes high from its 
normally low state. Any number or combination of connections 
may be active at one time. Each connectbn, however, must be 
made or broken individually in the manner previously described. 
All switches may be reset by taking the RESET input from a zero 
state to a one state and then returning it to its normal low state. 

Ordering Information 


PART NUMBER TEMPERATURE RANGE 


CD22M3493E 

CD22M3493Q 


-40°C to +85°C 
-40°C to +85°C 


40 Lead Plastic DIP 
44 Lead PLCC 


Pinouts 


CD22M3493 (PDIP) 
TOP VIEW 


RESET U 


STROBE he 




CD22M3493 (PLCC) 
TOP VIEW 


.. o CO <0 CM O 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Pin Descriptions 


40 LEAD 

SYMBOL PLASTIC DIP 


POWER SUPPLIES 


44LEADPLCC 


40 

44 

Positive Supply 


20 

22 

Negative Supply 


Vss 


ADDRESS 


AXO - AX3 5, 22, 23, & 4 


AYO - AY2 24,25, & 2 


CONTROL 


DATA 



INPUTS/OUTPUTS 


X0-X5 33-288-13 

I/O 

X6-X11 


Y0-Y7 35,37,39,1, 

I/O 21,19,17 & 15 


5, 24, 25, & 4 X Address Lines. These pins select one of the 12 rows of switches. See the Truth 
Table for the valid addresses. 


26,27,& 2 Y Address Lines. These pins seiect one of the 8 columns of switches. See the Truth 
Table for the valid addresses. 


DATA input determines the state of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 


STROBE Input enables the action defined by the DATA and ADDRESS Inputs. A low 
or zero results in no action. The ADDRESS Input must be stable before the STROBE 
Input goes to the active high level. The DATA Input must be stable on the failing edge 
of the STROBE. 


MASTER RESET. A high or one on this line opens ail switches. 


37 - 32 9 -14 Analog or Digital Inputs/Outputs. These pins are the rows XO - X11. 


40,41,43,1, Analog or Digital Inputs/Outputs. These pins are the columns YO - Y7. 
23,21,19&18 






















































Specifications CD22M3493 


Absolute Maximum Ratings 




DC Supply Voltage (Vdq): 


Operating Temperature Range (Ta): 


(Voltages Referenced to Vss) ....* • 

..-0.5to+17V 

Package Type E and Q... 

.-40°Cto+85°C 

DC Input Diode Current, I|n... 


Storage Temperature Range (Tstg) • .. 

......65°Cto+150°C 

(For V| < Vss -0.5V or V, > Vqd +0.5V) 


Lead Temperature (Soldering 10 Sec.). 

. +300°C 

DC Output Diode Current, Iqk. 




(For Vo < Vss-0.5V or Vo > Vdd+0.5V) 




DC Transmission Gate Current.. 




Power Dissipation Per Package (Po): 




ForTA = -40°C to+85°C.............. 

.SOOmW 



(Package Type E, 40 Pin Plastic DIP) 




For Ta = -40°C to +85°C.. 

. 600mW 



(Package Type Q, 44 Pin PLCC) 




Recommended Operating Conditions 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 

MIN MAX UNITS 


16 


PARAMETERS 


Supply Voltage Range (For = Full Package Temperature Range) Vss = OV Vqd 


DC Input or Output Voltage V| or Vq 
D igital Input Voltage 


Dynamic Electrical Specifications (Ta -40^0 to +85<’C) Vss == ov ^dd = i4V Unless aherwise Specified 


PARAMETERS 


Supply Current 


High-Level Input Voltage 


Low-Level Input Voltage 


Input Leakage Current, Digital 



MAX UNITS 


2 

mA 

5 

rnA 



PARAMETERS 

SYMBOL 

CROSSPOINTS CONDITIONS 

ON Resistance 

Ron 

Ta = +25°C, Vdd = 5V 

V,n = Vdd/2 

VX-VY = 0.25V Vdd = 14V 

ON Resistance 

Ron 

Ta = -40®C to +85°C Vdd = 5V 
V|N = Vdd/2 

VX-VY = 0.25V Vdd = 14V 

Difference in ON Resistance between 
any two switches 

^Ron 

Ta = +25®C 

V|N = Vdo/2 

VX-VY=: 0.25V Vdd = 14V 

Difference in ON Resistance between 
any two switches 

ARon 

TA = -40°Cto+85°C 

V|N = Vdd/2 

VX-VY = 0.25V Vdd = 14V 

OFF-State Leakage Current 

«L 

IVX-VYU14V 


NOTES: 

1. Reset l|H < 2mA, Reset = Vqq = 16V 

2. At +25°C Umit Is ±100nA 
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Specifications CD22M3493 


Dynamic Electrical Specifications (t^ = +25°C), Vss = ov, Vqd = 14V, Cl = 50pF, unless otherwise Specified 


PARAMETERS 


Switch I/O Capacitance 


Switch Feedthrough Capacitance 


Propagation Delay Time (switch ON) 
Signal Input to Output, tpHL or tpi^ 


Frequency Response Channel ON 
f=:20log (VXAA') = -3dB 


Total Harmonic, Thq 


Feedthrough Channel OFF 
Feedthrough = 20log (VXATT) = Fdt 


Frequency for Signal Crosstalk, fcj 
Attenuation of: 


Control Crosstalk 
DATA-Input, ADDRESS, 
or STROBE to Output 


CROSSPOiNTS CONDITIONS 


',N = 7V,f=1MHz 


= 7V,f=1MHz 


Cl = 3pF, Rl = 750, V||^ = 2Vp.p 


V,N = 2Vp.p,f=1kHz 


II 


,N=:2Vp.p,f = 1kHz 


40dB, V,N = 2Vp^, Rl = 750 


110dB, V|N = 2Vp.p, Rl = 1 kO II 10pF 


Control Input = 3Vp.p 
Square Wave, tp = tjr = 10ns 
R,N = 1K,RouT=10kO II lOpF 


MAX UNITS 



Dynamic Eiectrical Specifications (T^ = +25°C), Vss ^ ov, Vdd = 14V, Rl ^ 1kO ll 50pF, unless otherwise Specified 


PARAMETERS 


Digital input Capacitance 


Propagation Delay Time STROBE to Output 
(Switch turn-ON) 

(Switch turn-OFF) 


DATA-ln to Output 
(Turn-ON to high level) 
(Turn-ON to low level) 


ADDRESS to Output 
(Turn-ON to high level) 
(Turn-OFF to low level) 


Set-up Time 
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CD22M3493 


Timing Diagram 



TRUTH TABLE X AXIS 


TRUTH TABLET AXIS 



NOTE: 1. When X switch addresses are in these states, no change in 
status will occur in switches between any X and Y points. 


To make a connection (close switch) between any two points, specify an “X" address, a “Y" address, set “Data" high, and 
switch “Strobe” from iow to high. To break a connection, follow this same procedure with “Data” low.: 


Example: 


To connect switch X3 to switch Y4: 
To connect switch X6 to switch Y7: 
To break connection from X3 to Y4: 


X ADDRESS 


YADDRESS 


DATA I AX3 AX2 AX1 AXO I AY2 AY1 AYO 



















































































SEMICONDUCTOR 


CD22M3494 


March 1993 


16x8x1 BiMOS-E 
Crosspoint Switch 


Features 

• 128 Analog Switches 

• Low Ron 

• Guaranteed Rqn Matching 

• Analog Signal Input Voltage Equal to the Supply Voltage 

• Wide Operating Voltage: 4V to 15V 

• Parallel Input Addressing 

• High Latch Up Current: 50mA Minimum 

• Very Low Crosstalk 

• Pin And Functionally Compatible with the Following 
Types: SGS M3494 and Mitel MT8816 

Applications 

• PBX Systems 

• Instrumentation 

• Analog And Digital Multiplexers 

• Video Switching Networks 


Description 

The Harris CD22M3494 is an array of 128 analog switches 
capable of handling signals from DC to video. Because of the 
switch structure, input signals may swing through the total sup¬ 
ply voltage range, Vqo to Vee- Each of the 128 switches may be 
addressed via the ADDRESS input to the 7 to 128 line decoder. 
The state of the addressed switch is established by the signal to 
the DATA input. A low or zero input will open the switch, while a 
high logic level or a one will result in closure of the addressed 
switch when the STROBE Input goes high from its normally low 
state. Any number or combination of connections may be active 
at one time. Each connection, however, must be made or bro¬ 
ken individually in the manner previously described. All 
switches may be reset by taking the RESET input from a zero 
state to a one state and then returning it to its normal low state. 

CS allows crosspoint array to be cascaded for matrix expansion. 


Ordering Information 


PART NUMBER 

CD22M3494E 


CD22M3494MQ 


CD22M3494SQ 


TEMPERATURE 


-40°C to +85°C 40 Lead Plastic DIP 


-40°C to +85°C 


-40°C to +85°C 


44 Lead PLCC 
(Mitel Lead Compatible) 

44 Lead PLCC 
(SGS Lead Compatible) 



CAUTION: These devices are sensitive to eiectrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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CD22M3494 


Block Diagram 



CSSTROBE 

r ?_ 

DATA RESET 
? ■ ?_ 



H)d 


1 n— 

1 

1 I 1 

1 

1 

1 ^ 

_ 11 _ 1 

AXOO—♦ 
AX10—* 
AX20—* 
AX30—* 
AYOO--* 
AY10—* 
AY2 0—• 

7 T0128 
DECODER 

128 

LATCHES 

128 

LEVEL 

SHIFTERS 

128 

16X8 

SWITCH 

ARRAY 

1_ 


buzz 

-t— 





rz ®Vee i Y0-Y7 i 


Pin Descriptions 


SYMBOL 

40 LEAD 
PLASTIC 
DIP 

44 LEAD 
PLCC 

DESCRIPTION 

1 1 

SQ 

POWER SUPPLIES 

Vdd 

40 

44 

44 

Positive Supply 

|||[[9[|| 

16 

18 

17 

Negative Supply (Digital) 


20 

22 

22 

Negative Supply (Analog) 

ADDRESS 

AXO - AX3 

5,22,23, & 

4 

5,24,25, & 4 

X Address Lines. These pins select one of the 16 rows of switches. See the Truth Table 
for the valid addresses. 

AY0-AY2 

24, 25, & 2 

26,27,&2 

Y Address Lines. These pins select one of the 8 columns of switches. See the Truth Table 
for the valid addresses. 

CONTROL 

DATA 

38 

42 

DATA input determines the state of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 

STROBE 

18 

20 

STROBE input enables the action defined by the DATA and ADDRESS inputs. A low or 
zero results in no action. The ADDRESS Input nrHist be stable before the STROBE Input 
goes to the active high level. The DATA Input must be stable on the failing edge of the 
STROBE. 

RESET 

3 

3 

MASTER RESET. A high or one on this line opens ail switches. 

CS 

36 

40 

39 

CHIP SELECT. Device is selected when CS is at a high level, allows the crosspoint array 
to be cascaded for matrix expanion. 

INPUTS/OUTPUTS 

X0-X5 

X6-X11 

X12-X15 

33-28 

8-13 

27,26, 6,7 

37-32 
9-14 
31,30, 7,8 

Analog or Digital Inputs/Outputs. These pins are the rows XO - XI5. 

Y0-Y7 

I/O 

35,37, 39, 
1.21,19, 
17&15 

40, 41,43, 
1,23,21, 
19&18 

Analog or Digital Inputs/Outputs. These pins are the columns YO - Y7. 
































































Specifications CD22M3494 


Absolute Maximum Ratings 

DC Supply Voltage (Vdd): 


ForTA = -40°Cto+85°C. 

.600mW 

(Voltages Referenced to Vee). 

.-0.5 to +16V 

(Package Type Q, 44 Lead PLCC) 


DC Supply Voltage (Vdd): 


Operating Temperature Range (Ta): 


(Voltages Referenced to Vss). 

.. -0.5, +16V 

Package Type E and Q. 

.-40°C to+85°C 

DC Input Diode Current, I|n. 


Storage Temperature Range (Tstg). 

.-e5°Cto+150°C 

(For V,, Digital < Vss -0.5V or V,, Analog < Vee "OSV or V, > Vdd +0-5V) 

Lead Temperature (Soldering 10 Sec.). 

. +300°C 

DC Output Diode Current, Iqk. 

(For Vo, Digital < Vgs -0.5V or Vq, Analog < V^g -0.5V 
orVo>VDo+0.5V) 

.±20mA 



DC Transmission Gate Current. 




Power Dissipation Per Package (Po): 

ForTA = -40®Cto+85®C. 

_ 500mW 



(Package Type E, 40 Pin Plastic DIP) 




For Ta = +60°C to +85°C Derate Lineary.12mW/°C to 200mW 



Recommended Operating Conditions 




For maximum reliability, nominal operating conditions should be selected so that operation Is always within the following ranges: 


PARAMETERS 


Supply Voltage Range (For = Full Package Temperature Range) Vss = OV, Vgg = OV, Vqd 


DC Input or Output Voltage V| or Vq 
D igital Input Voltage 


LIMITS 

MIN MAX UNITS 


15 


Static Electrical Specifications (Ta = -40°C to +85°C) Vqd = 5V, Vss = OV, Vee = OV, unless otherwise Specified 


PARAMETERS 


Supply Current 


High-Level Input Voltage 


Low-Level Input Voltage 


Input Leakage Current, Digital 



CONTROLS CONDITIONS 


Vdd = 5V Logic Inputs = Vdd 



Reset = Low (Note 1) 



MAX UNITS 


2 

mA 

5 

mA 



Static Electrical Specifications (Ta ^ -40X to +85°C) Vqo = 12V. Vss = OV, Vee == OV, unless otherwise Specified 


PARAMETERS 


ON Resistance 


ON Resistance 


Difference in ON Resistance between 
any two switches 


SYMBOL 


Ron 



CROSSPOINTS CONDITIONS 


Vss = Vee = 0V Vdd = 10V 
Ta = +25°C, 

V|N = Vdd/2 

VX-VY = 0.2V Vdd = 12V 


TA=r-40®Cto+85°C Vdd = 10V 
V,n = Vdd/2 

VX-VY = 0.2V Vdd = 12V 

Vss = Vee = 0V 


Ta = +25°C 
V|N = Vdd^2 

VX-VY = 0.2V Vdd = 12V 
Vss = Vee = 0V 





40 

75 

Q 

36 

65 

n 

50 

75 

Q 

45 

65 

D 

6 

10 

Q 
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Specifications CD22M3494 


Static Electrical Specifications (Ta = -40^C to +85^0) Vqd ^ 12V, Vgs = ov, OV, unless otherwise specified (Continued) 


PARAMETERS 


Difference In ON Resistance between 
any two switches 


OFF-State Leakage Current 


NOTE: 

1. Reset l|H < 20|xA, Reset := V|H 

2. At +25°C Umit is ±100nA 


SYMBOL CROSSPOINTS CONDITIONS 


ARqn Ta = -40°C to +85°C 
V|N = Vqd/2 

VX-VY = 0.2V Vdd=12V 
Vss-Vee=:OV 


IVX-VYU12V 



MAX UNITS 


10 

Q 

±10 

(Note 2) 

pA 


Dynamic Electrical Specifications (Ta = + 25 ®c), Vss = ov, Vee = ov, Vqd = 14V, Cl = sopF, unless otherwise Specified 



PARAMETERS 

CROSSPOINTS CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Switch I/O Capacitance 


Switch Feedthrough Capacitance 


Propagation Delay Time (switch ON) 
Signal input to Output, tpHL or tp^H 


Frequency Response Channel ON 
f = 20log (VXArr) = - 3 dB 


Total Harmonic, Thd 


Feedthrough Channel OFF 
Feedthrough = 20log (VXATf) = Fdt 


Frequency for Signal Crosstalk, ^CT 
Attenuation of: 


Control Crosstalk 
DATA-Input, ADDRESS, 
or STROBE to Output 


II 


'|N= VDD/2,f=1MHz 


V|N= VDD/2,f=1MHz 


Cl = 3pF, Rl = 7512, V,n = 2Vp.p 


,N = 2Vp.p.f=1kHz 


1 ^ = 2Vp.p, f = 1kHz 


40dB, V,N = 2Vp.p, Rl 7512 


IIOdB, V|N = 2 Vp.p, RL= 1 kl 2 II lOpF 


Control Input = 3VP-P 
Square Wave, tp - tp = 10ns 
R,N = 1K,RouT = 10k«n lOpF 



Dynamic Electrical Specifications 

(Ta = +25°C), Vss = OV, Vee = OV, Vqd = 14V, Rl = 1 kl2 II 50pF, Unless Otherwise Specified 


PARAMETERS 


Digital Input Capacitance 


Propagation Delay Time STROBE to Output 
(Switch turn-ON) 

(Switch turn-OFF) 


DATA-ln to Output 
(Turn-ON to high level) 
(Turn-ON to low level) 


ADDRESS to Output 
(Turn-ON to high level) 
(Turn-OFF to low level) 


SYMBOL 


C|N 


CONTROLS CONDITIONS 


TYP MAX UNITS 
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Specifications CD22M3494 


Dynamic Electrical Specifications 

(Ta = +25°C), Vss = OV, Vee = OV. Vqd = 14V, Rl = Ikfl II 50pF, Unless Otherwise Specified (Continued) 


CONTROLS CONDITIONS 


PARAMETERS 

SYMBOL 

Set-up Time 


CS to STROBE 

tcs 

DATA-in to STROBE 

Ids 

ADDRESS to STROBE 

Us 

Hold Time 


STROBE to CS 

ICH 

ADDRESS to CS 


STROBE to DATA-ln 

toH 

STROBE to ADDRESS 

tAH 

DATA-ln to CS 


Pulse Width 


STROBE 

tsPW 

RESET 

Upw 

RESET Turn OFF to Output Delay 

tpHZ 


Timing Diagram 
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CD22M3494 


TRUTH TABLE X AXIS 


XADDRESS 


TRUTH TABLET AXIS 



To make a connection (close switch) between any two points, specify an “X" address, a “Y” address, set “Data” high, and 
switch “Strobe” from low to high. To break a connection, follow this same procedure with “Data” low. 


Example: 


To connect switch X3 to switch Y4: 
To connect switch X6 to switch Y7: 
To break connection from X3 to Y4: 


X ADDRESS 


YADDRESS 


DATA I AX3 AX2 AX1 AXO I AY2 AY1 AYO 


Voltage and Resistance 
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SEMICONDUCTOR 


CD22859 


March 1993 


Monolithic Silicon COS/MOS 
Dual-Tone Multifrequency Tone Generator 


Features 

• Mute Drivers On-Chip 

• Device Power can Either be Regulated 
DC or Telephone Loop Current 

• Use of an Inexpensive 3.579545MHz TV 
Crystal Provides High Accuracy and 
Stability for all Frequencies 

Applications 

• For Use In Dual-tone Telephone Dialing 
Systems 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

CD22859E 

-40°C to +85°C 

16 Pin 

Plastic DIP 


Description 

The CD22859 is a CMOS dual-tone multifrequency (DTMF) tone generator 
for use in dual-tone telephone dialing systems. The device can easily be 
interfaced to a standard push-button telephone keyboard to provide 
enabling operation directly with the telephone lines. 

The CD22859 generates standard DTMF sinusoidal dialing tones from an 
on-chip reference crystal oscillator. The reference oscillator uses an inex¬ 
pensive 3.579545MHz color TV crystal to create highly stable and accurate 
tones. The sinusoidal tones are digitally synthesized by a stair-step approxi¬ 
mation. 

One of four low-frequency band row tones and one of four high-frequency 
band column tones are selected by driving one of the four row inputs and 
one of the four column inputs low. Simultaneous selection of more than one 
row input and/or more than one column input will inhibit tone generation, or 
generate a single-tone sinusoid. These operating modes are described in 
the functional truth table. 

Control logic is included to allow easy Interface to standard K500-type 
telephones. Two CMOS outputs (Tx, Rx) capable of driving external pnp 
receiver and transmitter muting transistors are provided. A low input to the 
CD pin inhibits tone generation, turns off the reference oscillator and causes 
Tx and Rx outputs to go to logic ‘O’. During tone generation mode, CD = 1 
andTx, Rx = logic 1. 

The row, column and CD Inputs are provided with pull-up resistors to allow 
the use of SPST switch matrixes. 


Pinout 


CD22859 

PDIP 

TOP VIEW 


VddUL 

TX[2 
cT[3 
«[4 
C3 [? 

Vss E 
osci [7 

OSC2 IT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 _ _ 
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Specifications CD22859 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage (Vqq - Vss).-0.5 to +12V Power Dissipation Per Output. 


Input Voltage..-0.5V to Vqq +0.5V Operating Temperature Range.-40°C to +85°C 

Power Dissipation, Pp Storage Temperature Range.-65°C to +150°C 

Ta = -40°C to +60®C. 500mW 

Ta = +60°C to +85°C_Derate Linearly at 1.2mW/°C to 200mW 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress oniy rating and operation 
of ^e device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Storage Temperature Range.-65°C to +150°C 


Dynamic Electrical Specifications Ta = -25°c to -^60°c, aii voltages Referenced to Vss = ov 



DC SUPPLY VOLTAGE 


Tone Generation Mode with Valid Input (Note 1) 


Non-Tone Generation (Note 2) 


OPERATING CURRENT 


Tone Generation Mode 
(Outputs Unloaded) 


No Keydown Mode 


Input Pull-Up Current 


Input Low Voltage (V|l) Maximum 


Input Low Voltage (V,h) Minimum 




Static Electrical Specifications Ta -25°c to + 60 °c 



TONE OUTPUTS (Rl = 82Q) 


Vq; Dual-Tone Output 


Vo (Cl); Single-Tone Output, Column (Note 3) 


Vo (Bl); Single-Tone Output, Row (Note 4) 


Distortion (Note 5) 


Rise and Fall Time (Dual-Tone Out) (Note 6) 


Pre-Emphasis (Note 7) 


Output Frequency (Note 8) 
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Specifications CD22859 


Static Electrical Specifications Ta = - 25 °c to +60°c (Continued) 




— 

LIMITS 


PARAMETER 

*DD 

(V) 


MIN 

MAX 

UNITS 

MUTE OUTPUT CURRENT 


Transmitter 

1.7 

1.2 

-0.5 

- 

mA 

Iqh (Source) 

10 

9.5 

-3.4 

- 

mA 

loL (Sink) 

10 

2.5 

- 

10 

pA 

Receiver 

1.7 

1.2 

-0.5 

- 

mA 

Iqh (Source) 

10 

9.5 

-3.4 

- 

mA 

loL (Sink) 

10 

2.5 

• 

10 

pA 


NOTES: 

1. All logic and counters functional. 

2. Mute switches remain open. 

3. Two or more row inputs low and one column input low. 

4. Two or more column inputs low and one row Input low. 

5. Distortion Is defined as: The ratio of all extraneous frequency components generated in the voiceband 0.5kHz to 3kHz, to the power of 
the dual-tone signal, measure across R|,. 

V^2 + V22 + ...+V„2) 

VV + V 


Jl 

Distortion = — 


where V^, Vg-are extraneous frequerxjy components In the voiceband 0.5kHz to 3kHz, Vl is the low-band frequency tone, and 

Vh is the hIgh-band frequency tone. 

6. Tone rise time Is defined as the time for each of the 2 DTMF frequencies to attain 90% of full amplitude, measured from the time when a 
row and column signal are driven low. 

7. Pre-emphasis is the ratio of the high-group level to the low-group level. 

8. Refer to Figure 1 for standard DTMF frequencies. 

9. Corresponds to normal dual-tone operation. 

10. Corresponds to single-tone generation mode. 
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CD22859 


C0L1 C0L2 COL3 C0L4 

ROW1 [H [D [lI [3 687(699.1) 

ROW 2 0 0 0 0 770(766.2) 

ROW 3 0 0 0 0 852(847.4) 

ROW 4 I 0 0 0 0I I I 941 (9^.0) 

- NOMINAL 

1209 1336 1477 1633 OUTPUT 

(1215.9) (1331.7) (1471.9) (1645.0)- FREQUENCY 

FIGURE 1. BELL AND NOMINAL OUTPUT FREQUENCIES (IN PARENTHESIS) FOR 3.579545MHz CRYSTAL 



DTMF GENERATOR FUNCTIONAL TRUTH TABLE 


INPUTS 


NUMBER OF 

NUMBER OF ROW 

COLUMN INPUTS 

INPUTS ACTIVATED 

ACTIVATED “LOW” 

“LOW” 



Normal Dialing 
One Key Depressed 
(Note 9) 


Two or More Keys In 
Same Row 
(Note 10) 


Two or More Keys In 
Same Column 


Two or More Keys In 
Different Rows and 
Columns 


Where: 

X = Do Not Care 

Ra refers to Tone Output frequencies corresponding to Row 1, Row 2 , Row 3, Row 4; Cg refers to Tone Output frequencies corresponding 
to Column 1, Column 2, Column 3, Column 4. 

A = 1,2,3,4 B = 1,2,3,4 A = B,orA;fcB 


TONE 

osc 

RUNNING 

None 

No 

None 

No 

Dual Tone Ra, Ci 

Yes 

None 

No 

Dual Tone Ra, Cb 

Yes 

Single Row Tone Ra 

Yes 

Single Column Tone 
Cb 

Yes 

None 

Yes 
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CD22859 


Functional Diagram 

Vdd 




D4 


FIGURE 2. INTERFACE WITH STANDARD K500 TELEPHONE NETWORK 












SEMICONDUCTOR 


April 1993 


CD74HC22106 

CD74HCT22106 

QMOS 8x8x1 
Crosspoint Switch with Memory Control 


Features 

• 64 Analog Switches In an 8 x 8 x 1 Array 

• On-Chip Line Decoder and Control Latches 

• Automatic Power-Up Reset by Using a 0.1 Capacitor 
at the MR Pin 

• Ron Resistanced 950 at Vcc - 4.5V 

• Analog Signal Capability: Vdq/2 

• Wide Operating Temp. Range: -40^C to -t-SS^C 

Family Features 

• CD74HC Types 

- 2V to 10V Operation 

- High Noise Immunity: N|l = 30%, N,h =: 30% of Vqo; 
atVoQsSV and 10V 

• CD74HCT Types 

- 4.5V to 5.5V Operation 

- Direct LSTTL input Logic Compatibility: V||_ s 0.8V 
Max, V|H s: 2V Min 

- CMOS Input Compatibility: l| < IpA at Vqi^, Vqh 


Description 

The CD74HC22106 and CD74HCT22106 are digitally 
controlled analog switches which utilize silicon-gate CMOS 
technology. The CD74HC22106 type features CMOS input- 
voltage-level compatibility and the CD74HCT22106 features 
LSTTL Input-voltage-level compatibility. 

The Master Reset has an internal pull-up resistor and is 
normally used with a O.lpF capacitor. During power up ail 
switches are automatically reset. The crosspoint switches 
will reset with MR = 0 even if CE is high. A 6-bit address 
through a 6 line to 64 line decoder selects the transmission 
gate which can be turned on by applying a logical ONE to 
the DATA input and logical ZERO to the STROBE. Similarly 
any transmission gate can be turned OFF by applying a 
logical ZERO to the DATA Input while strobing the STROBE 
with a logical ZERO. 

The CE pin allows the crosspoint array to be cascaded for 
matrix expansion in both the X and Y directions. 

Ordering Information 


PART NUMBER 

CD74HC22106E 


CD74HCT22106E 


TEMPERATURE 

RANGE _ PACKAGE 

-40°C to+85*^C 28 Lead Plastic DIP 

-40°C to +85°C 28 Lead Plastic DIP 


Pinout 


CD74HC22106, CD74HCT22106 
(PDIP) 

TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 * 
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Specifications CD74HC22106, CD74HCT22106 


Absolute Maximum Ratings 


Operating Conditions 


DC Supply Voltage (Vdd) 


Operating Temperature Range (Ta) 


Voltage Reference to Vss Terminal. 

.-0.5V to+1IV 

Package Type E. 

.-40°Cto+85°C 

DC Input Diode Current 


Storage Temperature Range. 

. .-65°C ^Ta ^+150°C 

l,K (for V, < -0.5 or V, > Vqd +0.5V. 

.±20mA 

Supply Voltage Range (for Ta = Full Package Temp. Range) Vdd 

DC Output Diode Current 


CD74HC22106 . 

.2V to 10V 

•ok (For Vo < -0.5 or Vq > Vdd +0.5V. 


CD74HCT22106 . 

.4.5V to 5.5V 

DC Transmission Gate Current. 

Power Dissipation per Package (Pd) 


DC Input or Output Voltage V|, Vq. 

.OVIoVdd 

For Ta = -40°C to (Package Type E).. 

.500mW 



For Ta = -60°C to +85°C (Package Type E).. 

_Derate Linearlly at 

12mW/°C to 200mW 



Junction Temperature. 

. +175®C 



Junction Temperature (Plastic Package) .... 

.+150°C 



Lead Temperature (Soldering 10 Sec.). 

. +300®C 



CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any odier conditions above those indicated in the operational sections of this specification is not irry?lied. 


Static Electrical Specifications Vss 

= GND 




CD74HC22106 

TEST 

CONDITIONS 

+25®C 

-40®C to 
+85®C 


CD74HCT22106 


TEST 

CONDITIONS 


PARAMETERS 


High-Level Input Voltage 
V,u 


Low-Level Input Voltage 
VlL 


Vdd 

(V) MIN TYP MAX 



Input Leakage Current 
(Any Control) 

•l 

Vdd or 
GND 


Quiescent Device Cur¬ 
rent, Ice (with MR = 1) 

Vdd or 
GND 

10 

Off Leakage Current, II 
(with MR = 1) 

All 

Switches 

OFF 

10 

“On” Resistance 

Vdd to 

2 

^•oN 

GND 

Figures 



8.9 

3 


Vdd/2 

iQii 




“On” Resistance Be¬ 
tween Any Two Channels 

Vdd to 
GND 

m 
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Specifications CD74HC22106, CD74HCT22106 


Dynamic Electrical Specifications Vss = ov 


I TEST CONDITIONS 

PARAMETERS SYMBOL 


CONTROLS 


Propagation Delay Time: | tpzn Rl-IOWI 1 

Cl = 50pF 


tp, V * 6ns 




Strobe to Output 
(Switch Tum-On to 
High Level) 


Data-In to Output 
(Turn-On to High Level) 


Address to Output tpzH 

(Turn-On to High Level) 


Propagation Delay Time: tpHz 

Strobe to Output 


Data-In to Output tpzL 

(Turn-On to Low Level) 


Address to Output 
(Turn-Off) 


Minimum Set-Up Time 
(Data-In to Strobe 
Address) 


Minimum Hold Time 
(Data-In to Strobe 
Address) 


Minimum Strobe Pulse 
Width 
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Specifications CD74HC22106, CD74HCT22106 
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Functional Diagram 
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CD74HC22106, CD74HCT22106 


Test Circuits and Waveforms 



SW« ANY CROSSPOINT 

FIGURE 1. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 


DATA-IN 



STROBE « GND 

FIGURE 2. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 

(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 



FIGURE 3. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 

(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 





CD74HC22106, CD74HCT22106 


Typical Application Information 


HC OR CMOS 

' OUTPUT CONTROL 

INPUT 


TL 


ANALOG 
INPUT 5 
0V-5V 


_^ANALOG OUTPUT 

HC22106 I ^OVTOSV 


#HC LOGIC FOR CMOS INPUTS 
HCT LOGIC FOR TTL INPUTS 


FIGURE 4. TYPICAL SINGLE SUPPLY CONNECTION FOR HC22106 


+5V CD4000A/B 

''CC ? . CMOS BIPOLAR 

rsLx OUTPUT 


CONTROL 

INPUT 


1 "i: 

-5V -5V 




ANALOG 
INPUT : 
-5VTO+5V 


ANALOG OUTPUT 
' -5VTO+5V 


FIGURE 5. TYPICAL DUAL SUPPLY CONNECTION FOR HC22106 


Ikn^ CONTROL _ I ''do 


CONTROL ^ 

SIGNAL 


FOR CMOS INPUT LEVELS USE HC03 LOGIC TYPE 
FOR TTL INPUT LEVELS USE HCT03 LOGIC TYPE 


ANALOG 
INPUT : 
0VTO10V 


I __ ANALOG OUTPUT 

HC22106 -► 0 VTOIOV 


FIGURE 6. USE OF HC/HCT03 WHEN CONTROL IS OV - 5V AND ANALOG SIGNAL IS OV > 10V 


TTL TYPE 

' OUTPUT CONTROL 

INPUT 


ANALOG 
INPUT 5 
0V-5V 


ANALOG OUTPUT 
' 0VTO5V 


FIGURE 7. TYPICAL SINGLE SUPPLY CONNECTION FOR HCT22106 WITH TTL INPUT 
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CD74HC22106, CD74HCT22106 


Typical Performance Curves 



01234 02468 10 


INPUT VOLTAGE (V) INPUT SIGNAL (V) 

FIGURE 8. TYPICAL "ON” RESISTANCE AS A FUNCTION OF FIGURE 9. TYPICAL "ON” RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE vs TEMPERATURE INPUT SIGNAL VOLTAGE vs Vqo 



FIGURE 10. TYPICAL "ON” SWITCH ATTENUATION AND 

CROSSTALK AS A FUNCTION OF FREQUENCY 



FIGURE 11. TYPICAL "ON” SWITCH ATTENUATION AND “OFF” 
SWITCH FEED THROUGH AS A FUNCTION OF 
FREQUENCY 


“ON” SWITCH ATTENUATION (dB) 























SEMICONDUCTOR 


HC-5502B 


March 1993 


SLIC 

Subscriber Line Interface Circuit 


Features 

• Pin For Pin Replacement For The HC-5502A 

• Capable of •l•12V or -i-SV (VB-i-) Operation 

• Monolithic Integrated Device 

• Dl High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (30mA) 

• internal Ring Relay Driver 

• Low Power Consumption During Standby 

• Switch Hook, Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 

• Solid State Line Interface Circuit for Analog and Digital 
PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBX’s 


Description 

The Harris SUC incorporates many of the BORSHT function on 
a single 1C chip. This includes DC battery feed, a ring relay driver, 
supervisory and hybrid functions. This device is designed to 
maintain transmission performance in the presence of externally 
induced longitudinal currents. Using the unique Harris dielectric 
isolation process, the SUC can operate directly with a wide 
range of station battery voltages. 

The SUC also provides selective denial of power. If the PBX sys¬ 
tem becomes overtoaded during an emergency, the SUC will 
provide system protection by denying power to selected sub¬ 
scriber loops. 

The Harris SUC is Ideally suited for the design of new digital PBX 
systems, by eliminating bulky hybrid transformers. 


Ordering Information 


PART NUMBER 

1 TEMPERATURE RANGE | 

PACKAGE 

HC1-5502B-5 

HlBSBEEIQHi 

24 Lead Ceramic DIP 

HC1-5502B-9 

-40°C to +85°C 

24 Lead Ceramic DIP 

HC3-5502B-5 

0°C to +75°C 

24 Lead Plastic DIP 

HC3-5502B-9 

-40°C to +85°C 

24 Lead Plastic DIP 

HC4P5502B-5 

0°C to +75°C 

28 Lead PLCC 

HC4P5502B-9 

-40°C to +85°C 

28 Lead PLCC 

HC9P5502B-5 

0°C to +75°C 

24 Lead SOIC 

HC9B5502B-9 

-40°C to +85°C 

24 Lead SOIC 


Pinouts 


HC-5502B 
(PDIP, CDIP, SOIC) 
TOP VIEW 


TIP □. 
RING [2 

Vb+ E 
ci* E 

C3 E 

DG E 

RS E 

RD E 
TF E 

RF Ei 

Vb- El 
BG Ei 


HC-5502B 
(PLCC) 
TOP VIEW 


^ i 8 3 



IL b (9 U Q 10 10 

“ M ^ X |g la 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications HC-5502B 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage 


Relay Driver Voltage (Vrd). 

.+5Vto+12V 

(Vb-)..... 

. ...-60to+0.5V 

Positive Supply Voltage (Vb+) ... .4.75V to 5.25V or 10.8V to 13.2V 

(Vb+)....... 

.. ..-0.5to+15V 

Negative Supply Voltage (Vb-) . . 

....-42Vto-58V 

(Vb+-Vb-)...... 

.+75V 

High Level Logic Input Voltage. 

. .2.4V 

Relay Drive Voltage (Vrd) . .. 

. ...-0.5to+15V 

Low Level Logic Input Voltage . 

. 0.6V 

Junction Temperature (Ceramic) .. 

.. +175®C 

Loop Resistance (Rl) . 

.. 200to1200Q 

Junction Temperature (Plastic Package) .. 

. +150°C 

Operating Temperature Range 


Lead Temperature (Soldering 10 Sec.). _... 

... +300®C 

HC-5502B-5 .... 

. 0°Cto+75°C 



HC-5502B-9. ..... 

. -40®Cto+85°C 



Storage Temperature Range . 

. -65®Cto+150°C 

CAUTION: Stresses above those listed in “Solute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electricai Specifications Unless otherwise specified, Vb- = -48V, Vb+ * +12V and +5V, AG = BG = DG 
Ta = +25°C. Min-Max Parameters are Over Operating Temperature Range. 

= OV, Typical Parameters 


PARAMETER 


On Hook Power Dissipation 


Off Hook Power Dissipation 


Off Hook IB+ 


Off Hook IB+ 


Off Hook IB- 


Off Hook Loop Current 


Off Hook Loop Current 


Off Hook Loop Current 


Fault Currents 
TIP to Ground 


RING to Ground 


TIP to RING 


TIP and RING to Ground 


Ring Relay Drive Vql 


Ring Relay Driver Off Leakage 


Ring Trip Detection Period 


Switch Hook Detection Threshold 


Ground Key Detection Threshold 


Loop Current During Power Denial 


Dial Pulse Distortion 


Receive Input Irnp^ance 


Transmit Output Impedance 


CONDITIONS 


W = 0-Vb-»- = +12V 


Rl = 6000, liong* = 0. Vb+ = +1 2V 


Rl = 600Q, iLopg* = 0, Ta = -40°C 


Rl = 6000, iLong" = 0, Ta = +25°C 


Rl = 6000, iLong* = 0 


Rl = 12000, Ilooq* = 0 


Rl = 12000, Vb- = -42V, 1^^* = 0, Ta = +25°C 


RL = 2000,lLono* = 0 



QL = 62mA 


Vrd = +12V, RC 1 = HIGH, Ta = +25®C 


Rl = 6000,Ta~+25°C 


SHD = Vol 


SHD = Voh 


GKD=:Vol 


GKD = Voh 


Rl = 2000 




\iA 


Ring Cycles 


mA 


mA 


mA 


mA 


mA 


ms 


kO 


O 
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Specifications HC-5502B 


Electrical Specifications Unless Otheiwlse Specified, Vg- >= -48V, Vb+ = +12V and +5V, AG = BG = DG = OV, lyplcal Parameters 
Ta = +25°C. Min-Max Parameters are Over Operating Temperature Range. (Continu^) 
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Specifications HC-5502B 


Electrical Specifications unless otherwise Specified, Vg- = -48V, Vg-t- = +12V and +5V, AG = BQ = DG = OV, Typical Parameters 
Ta = +25°C. Min-Max Parameters are Over Operating Temperature Range. (Continued) 


PARAMETER 


Logic inputs 
Logic ‘0’ V,L 


Logic ‘1’ V|H 


Logic Outputs 
Logic ‘0* VoL 


Logic ‘1’ Vqh 


* I Long = Longitudinal Current 


CONDITIONS 



•load 800mA, Vb+ = +12V, +5V 


IloadSOmA, Vb+ = +12V 


Iload40mA,Vb+ = +6V 


Uncommitted Op Amp Specifications 


PARAMETER 


input Offset Voltage 


Input Offset Current 


Input Bias Current 


Differential Input Resistance 


Output Voltage Swing 


CONDmONS 



(Note 2) 


RL=10kQ, Vb+ = +12V 


RL = 10kO, Vb+=:+5V 


Avcl = 1 (Note 2) 


(Note 2) 


Output Resistance 


Small Signal GBW 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterised upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec¬ 
ification compliance. 


Pin Descriptions 


28 PIN 
PLCC 

24 PIN 
DIP/SOIC 

SYMBOL 

DESCRIPTION 

2 

1 

TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a 1500 
feed resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring process. 

3 

2 

RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a 

1500 feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals 
from the telephone and for loop monitoring purposes. 

4 

3 

Vb+ 

Positive Voltage Source - Most positive supply. Vb+ is typically 12V or 5V. 


8-84 










































































HC-5502B 


Pin Descriptions (Continued) 


28 PIN 
PLCC 

24 PIN 
DIP/SOIC 

SYMBOL 

DESCRIPTION 

5 

H 

Cl 

Capacitor #1 - Optional Capacitor used to improve power supply rejection. This pin should be left open 
if unused. 

6 

5 

C3 

Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering Vb- supply. 
Typical value Is 0.3pF, 30V. 

7 

6 

DG 

Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs 
and outputs on the SLIC. 

9 

7 

RS 

Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such 
that a positive transition occurs on the negative going zero crossing of the ring voltage source, 
ensuring that the ring relay is activated and deactivated when the instantaneous ring voltage is 
near zero. If synchronization is not required, tie to +5V. 

10 

8 


Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 

11 

9 

TF 

Tip Feed - A low impedance analog output connected to the TIP terminal through a 150G feed 
resistor. Functions with the RF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 

12 

10 

RF 

Ring Feed - A low Impedance analog output connected to the RING terminal through a 150i2 feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signal to the telephone 
set, and sink longitudinal current. 

13 

11 

■n 

Negative Voltage Source - Most negative supply. Vb- is typically -48 volts with an operational range 
of -42V to -58V. Frequently referred to as “battery". 

14 

12 

BG 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 

16 

13 

SHD 

Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled for 
loop currents exceeding 10mA and disabled for bop currents less than 5mA. 

17 

14 

GKD 

Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled if the 
DC current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and 
disabled If this current difference is less than 10mA. 

18 

15 

PD 

Power Denial - A low active TTL - Compatible logic input. When enabled the switch hook detect 
(SHD) and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output is 
disabled. 

19 

16 

TO 

Ring Command - A low active TTL - Compatible logb input. When enabled, the relay driver (TO) 
output goes low on the next rising edge of the ring sync (RS) input, as bng as the SLIC is not in 
the power denial state (PD » 0) or the subscriber is not already off- hook (SHD = 0). 

20 

17 

C2 

Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 
Prevents false ground key indbations from occurring during ring trip detection. Typical value is 
0.15pF, 10V. This capacitor is not used if ground key function is not required. 

21 

18 

OUT 

The analog output of the spare operational amplifier. 

23 

19 

-IN 

The inverting analog input of the spare operational amplifier. 

24 

20 

+IN 

The non-inverting analog input of the spare operational amplifier. 

25 

21 

RX 

Receive Input, Four Wire Side - A high impedance analog input which is internally biased. Capac¬ 
itive coupling to this input Is required. AC signals appearing at this input differentially drive the Tip 
feed and Ring feed amplifiers, whbh in turn drive tip and ring through 300G of feed resistance on 
each side of the line. 
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HC’S502B 


Pin Descriptions (Continued) 


28 PIN 24 PIN 

PLCC DIP/SOIC SYMBOL 



27 

23 

AG 





Capacitor #4 • An external capacitor to be connected between this terminal and analog ground. 
This capacitor prevents false ground key indication and false ring trip detection from occurring 
when longitudinal currents are induced onto the subscriber loop from nearby power lines and other 
noise sources. This capacitor is also required for the proper operation of ring trip detection. Typical 
value is 0.5pF to I.OpF, 20V. This capacitor should be nonpolarized. 


Analog Ground - To be connected to zero potential and serves 
put (TX) and receive input (RX) terminals. 


as a reference for the transmit out- 



Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 
voltage across Tip and Ring. Transhybrid balancing must be performed (using the SLiC microcir> 
cult’s spare op amp) beyond this output to completely implement two to four wire conversion. This 
output is unbalanced and referenced to analog ground. Since the DC level of this output varies with 
loop current, capacitive coupling to the next stage is essential. 


No Internal Connection. 


1. All grounds (AG, BG, & DG) must be applied before Vs-f or Vb-. Failure to do so may result In premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 
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HC-5502B 


Schematic 


HC- 5502 B sue FUNCTIONAL SCHEMATIC 

Pin Numbers for DIP/SOIC Package 


21 22 11 12 23 


6 3 4 20 19 





L^A-400 
^IP FEED 


R1P ^ . 


^ A-300 
RING FEED 
AMP 



VOLTAGE AND CURRENT 
BIAS NETWORK 


Ibi Ib2 Ib 3 >64 >85 ^86 ^87 l8S ^baT >89 >810 >811 


RING TRIP 
DETECTOR 


-5VIbioVb+ 


Vr* gnd shorts 

L^ CURRENT 

' UMITING 

fl81 


SWITCH HOOK 
DETECTOR 


|Qd27 ■ Q[)28 


IIL I 
LOGIC I 
interface! 


THERMAL 

LOOP CURRENT UMITING 
UMITING „ I-1 


U^15 





M 

5 

24 

7 

8 
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HC-5502B 


Logic Diagram 


HC-S502B LOGIC GATE SCHEMATIC 



SCHOTTKY LOGIC 


Die Characteristics 


Transistor Count..183 

Diode Count.33 

Die Dimensions. 137 x 102 mils 

Substrate Potential.Vg- 

Process.Bipolar-DI 

Thermal Constants (°C/W) 0jc 

Ceramic DIP. 52 15 

Plastic DIP. 52 22 

PLCC. 67 29 

SOIC. 76 24 


Overvoitage Protection and Longitudinai 
Current Protection 

The sue device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 


The sue will withstand longitudinai currents up to a 
maximum or SOmApMs* P®'' •®g. without any 

performance degradation. 

TABLE 1 


PARAMETER 

TEST 

CONDITION 

PERFORMANCE 

(MAX) 

UNITS 

Longitudinal 

Surge 

lO^s Rise/ 

lOOOjis Fall 

±1000 (Plastic) 

VpEAK 

±500 (Ceramic) 

VpEAK 

Metallic Surge 

10ns Rise/ 

1000ms Fail 

±1000 (Plastic) 

VpEAK 

±500 (Ceramic) 

VpEAK 

T/GND 

R/GND 

lOps Rise/ 

1000ms Fall 

±1000 (Plastic) 

VpEAK 

±500 (Ceramic) 

VpEAK 

50/60HZ Current 

T/GND 

R/GND 

11 Cycles 

Limited to 
lOArms 

700 (Plastic) 

Vrms 

350 (Ceramic) 

Vrms 














HC-5502B 


Applications Diagram 



FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 

Typical Component Values 

C1 =0.5\iF (Note 1) 

C2 = 0.15^tF, 10V 
C3 = 0.3nF. 30V 

C4 = O.S^iF to 1.0M.F, 10%, 20V (Should be nonpolarized) 

C5 = O.SpF, 20V 

C6 = C7 = O.S^iF (10% Match Required) (Note 2), 20V 
C8 = 0.01^F, 100V 
C9 = 0.01 ^iF, 20V, ±20% 

NOTES: 

1. Cl is an optional capacitor used to improve Vb+ supply rejection. This pin must be left open if unused. 

2. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7-ZB-R3, to match 
In impedance to within 0.3%. Thus, if C 6 and C7 are IpF each, a 20% match is adequate. It should be noted that the transmit output to 
C 6 sees a -22V step when the loop is closed. Too large a value for C 6 may produce an excessively long transient at the op amp output 
to the PCM Fllter/CODEC. 

A 0.5)a.F and 10OkQ gives a time constant of 50msec. The uncommitted op amp output is internally clamped to stay within ±5.5V and 
also has current limiting protection. 

3. Secondary protection diode bridge recommended is a 2A, 200V type. 

4. All grounds (AG, BG, & DG) must be applied before Vb+ or Vb-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first 

5. Pin numbers given for DIP/SOIC package. 

Additional information is contained in Application Note 549, The HC-550X Telephone SLICs” By Geoff Phillips. 


R1 = R2 = R3 = lOOkil (0.1% Match Required, 1% absolute 
value), ZB = 0 for 600^2 Terminations (Note 2) 

RBi = RB 2 = RB 3 = RB 4 = 150Q (0.1% Match Required, 1% 
absolute value) 

Rs = IkU Cs = 0.1 ^iF, 200V typically, depending on Vpi^Q 
and line length. 

Z1 = 150V to 200V transient protection. PTC used as ring 
generator ballast. 
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Features 

• Pin for Pin Replacement for the HC-5504 

• Capable of -i-SV or •l•12V (Vb-i-) Operation 

• Monolithic Integrated Device 

• Dl High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (41mA) 

• Internal Ring Relay Driver 

• Allows Interfacing With Negative Superimposed Ring¬ 
ing Systems 

• Low Power Consumption During Standby 

• Switch Hook Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 

• Solid State Line Interface Circuit for Analog and Digi¬ 
tal PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBXs 


Description 

The Harris SLIC incorporates many of the BORSHT functions 
on a single 1C chip. This includes DC battery feed, a ring relay 
driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance in the pres¬ 
ence of externally induced longitudinal currents. Using the 
unique Harris dielectric Isolation process, the SLIC can oper¬ 
ate directly with a wide range of station battery voltages. 

The SLIC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the SLIC 
will provide system protection by denying power to selected 
subscriber loops. 

The Harris SLIC is ideally suited for the design of new digital 
PBX systems by eliminating bulky hybrid transformers. 

Ordering Information 


PART # 

TEMP. RANGE 

PACKAGE 

HC1-5504B-5 

0®to+75°C 

24 Lead Ceramic DIP 

HC1-5504B-9 

-40°to+85°C 

24 Lead Ceramic DIP 

HP3-5504B-5 

0°to+75°C 

24 Lead Plastic DIP 

HC3-5504B-9 

-40° to +85°C 

24 Lead Plastic DIP 

HC4P5504B-5 

0°to+75°C 

28 Lead PLCC 

HC4P5504B-9 

-40°to+85°C 

28 Lead PLCC 

HC9P5504B-5 

0°to+75°C 

24 Lead SOIC 

HC9P5504B-9 

-40°to+85°C 

24 Lead SOIC 


Pmouts 


HC-5504B (PDiP, CDIP, SOIC) 
TOP VIEW 


HC-5504B (PLCC) 
TOP VIEW 



i t 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HC-S504B 


Absolute Maximum Ratings (Note i) Operating Conditions 

Maximum Continuous Supply Voltages Operating Temperature Range 

(Vb-) .-60 to +0.5 V HC-5504B-5.0°C to +75°C 

(Vb+) .-0.5 to +15 V HC-5504B-9.-40°C to +85°C 

(Vb+ - Vb-) .+75V Storage Temperature Range.-65®C to 150°C 

Relay Drive Voltage (Vrd) .-0.5 to +15V Relay Driver Voltage (Vrq) .+5 to +12V 

Junction Temperature Ceramic.+175°C Positive Supply Voltage (Vb+) .4.75 to 5.25 or 10.8 to 13.2V 

Junction Temperature Plastic.+150°C Negative Supply Voltage (Vr-) .-36 to -58V 

Lead Temperature (Soldering 10 Sec.).+300°C High Level Logic Input Voltage.2.4V 

Low Level Logic Input Voltage...0.6V 

Loop Resistance (RJ.200 to 12000 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not inplied. 


Electrical Specifications 


Unless Otherwise Specified, Vr- = -48V, Vb+ = +12V and +5V, AG = BG = DG = OV, 
Ta = +25°C. Min-Max Parameters are Over Operating Temperature Range. 


Typical Parameters 


PARAMETER 


On Hook Power Dissipation 


Off Hook Power Dissipation 


Off Hook IB+ 


Off Hook IB+ 


Longitudinal Balance 
2 Wire Off Hook 


2 Wire On Hook 


4 Wire Off Hook 


CONDlTiONS 


long* = 0,Vb+ =+12V 


Rl = 6000, Ilonq" = 0, Vb+ - +12V 


MAX UNITS 
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Specifications HC-5504B 


Electrical Specifications unless otherwise Specified, Vb- » -48V, Vb+ = +12V and + 5 V, AQ = BG = DG = OV, Typical Parameters 

= +25°C. Min<Max Parameters are Over Operating Temperature Range. (Continued) 


PARAMETER 

CONDITIONS 


TYP 

MAX 

UNITS 

Low Frequency Longitudinal Balance 

R.E.A. Method, (Note 2). R(. r: 600Q 
0°C^Ta^+75®C 

- 

- 

23 

dBrnC 

- 

- 

-67 

dBmOp 

Insertion Loss 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

at 1kHz, OdBm input Level, Referenced 6000 

■ 

±0.05 

± 0.2 

dB 

Frequency Response 

200 - 3400Hz Referenced to Absolute Loss at 

1 kHz and OdBm Signal Level (Note 2) 

- 

± 0.02 

±0.05 

dB 

idle Channel Noise 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

(Note 2) 

■ 

■ 

5 

dBrnC 


1 1 

-85 

dBmOp 

Absolute Delay 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

(Note 2) 

■ 

■ 

2 

ms 

Trans Hybrid Loss 

Balance Network Set Up for 6000 Termination at 
1kHz 

36 

40 

- 

dB 

Overload Level 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

Vb+ = +5V 

1.5 

- 

- 

Vpeak 

Vb+ = +12V 

1.75 

- 

- 

Vpeak 

Level Linearity 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

At 1 kHz, (Note 2) Referenced to OdBm Level 

+3 to -40dBm 

■ 


±0.05 

dB 

-40 to -50dBm 

- 

- 

± 0.1 

dB 

-50 to -55dBm 

- 

- 

±0.3 

dB 

Power Supply Rejection Ratio 

V 0 + to 2 Wire 

(Note 2) 

30-60HZ, Rl = 6000 

15 

. 

. 

dB 

Vb+ to Transmit 


15 

- 

- 

dB 

Vb- to 2 Wire 

15 

- 

- 

dB 

Vb- to Transmit 

15 

- 

- 

dB 

Vb+ to 2 Wire 

200 - 16kHz, Rl = 6000 

30 

- 

- 

dB 

Vb+ to Transmit 

30 

- 

- 

dB 

Vb- to 2 Wire 

30 

- 

- 

dB 

Vb- to Transmit 

30 

- 

- 

dB 

Logic Input Current (RS, ]^, PD) 

0 VsV,nS + 5V 

- 

- 

±100 

pA 

Logic inputs 

Logic ‘0’ V|L 


■ 

■ 

0.8 

■ 

Logic‘1’V,H 


1 2.0 i 

- 

5.5 


Logic Outputs 

Logic ‘0’ VoL 

•load SOOpA, Vb+ = +12V, +5V 

■ 

0.1 

0.5 

■ 

Logic‘1’VoH 

Iload80pA,Vb+ = +12V 

mm 

5.0 

5.5 

V 

Iload 40pA, Vb+ = +5V 

1 2.7 

- 

5.0 

V 


* Ilong = Longitudinal Current 
NOTES: 


1. Absolute maximum ratings are limiting vaiues, applied Individually, beyond which the serviceability of the circuit may be Impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec¬ 
ification compliance. 








































































































Specifications HC-5504B 


Uncommitted Op Amp Specifications 


PARAMETER 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Differential Input Resistance 


Output Voltage Swing 


Output Resistance 


Small Signal GBW 


Pin Descriptions 


CONDITIONS 




An analog Input connected to the TIP (more positive) side of the subscriber loop through a 1500 feed 
resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

An analog input connected to the RING (more negative) side of the subscriber loop through a 150Q 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 


Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal is insert¬ 
ed into the line at this node and RF is isolated from RFS via a relay. 


Positive Voltage Source - Most positive supply. Vg+ is typically 12V or 5V. 


Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering Vg-. Typical value 
is 0.3pF, 30V. 


Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs and 
outputs on the SLIC microcircuit. 


Ring Synchronization Input - A TTL - compatible clock Input. The clock should be arranged such that 
a positive pulse transition occurs on the zero crossing of the ring voltage source, as it appears at the 
RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative going zero 
crossing and for Ring injected systems, on the positive going zero crossing. This ensures that the ring 
relay activates and deactivates when the instantaneous ring voltage is near zero. If synchronization is 
not required, the pin should be tied to -i-SV. 


Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 


Tip Feed - A low impedance analog output connected to the TIP terminal through a 150Q feed resistor. 
Functions with the RF terminal to provide loop current, feed voice signals to the telephone set, and 
sink longitudinal current. 


Ring Feed - A low impedance analog output connected to the RING terminal through a 1500 feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 


Negative Voltage Source - Most negative supply. Vg- is typically -48V with an operational range of 
-42V to -58V. Frequently referred to as “battery". 


Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
into this ground terminal. 


Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled for loop 
currents exceeding 10mA and disabled for loop currents less than 5mA. 


Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled If the DC 
current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and disabled 
if this current difference Is less than 10mA. 


Power Denial - A low ac tive TT L • Compatible logic input. When enabled, the switch hook detect (SHD) 
and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output is disabled. 
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Specifications HC-5504B 


Pin Descriptions (Continued) 


28 PIN 
PLCC 

24 PIN 
DIP/SOIC 

SYMBOL 

DESCRIPTION 

19 

16 

r5 

Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (^) out¬ 
put goes iow^the next high levei of the ring sync (RS) input, as long as the SLIC is not in the power 
denial state (PD = 0) or the subscriber is not already off- hook (SHD = 0). 

20 

17 

C2 

Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. Pre¬ 
vents false ground key indications from occurring during ring trip detection. Typicai value is 0.15pF, 

10V. This capacitor is not used if ground key function is not required and (Pin 17) may be left open or 
connected to digital ground. 

21 

18 

OUT 

The analog output of the spare operational amplifier. The output voltage swing is typically ±5V. 

23 

19 

-IN 

The inverting analog input of the spare operational amplifier. 

24 

20 

+IN 

The non-inverting analog input of the spare operational amplifier. 

25 

21 

RX 

Receive Input, Four Wire Side - A high impedance analog input which is internally biased. Capacitive 
coupling to this input is required. AC signals appearing at this input differentially drive the Tip feed and 
Ring feed terminals, which in turn drive tip and ring through 300Q of feed resistance on each side of 
the line. 

26 

22 

C4 

Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prevents false ground key Indication and false ring trip detection from occurring when longi¬ 
tudinal currents are induced onto the subscriber loop from near by power lines and other noise sourc¬ 
es. This capacitor is also required for the proper operation of ring trip detection. Typical value is 0.5pF, 
to I.OpF, 20V. This capacitor should be nonpolarized. 

27 

23 

AG 

Analog Ground - To be connected to zero potential and serves as a reference for the transmit output 
(TX) and receive input (RX) terminals. 

28 

24 

TX 

Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 
voltage across Tip and Ring. Transhybrid balancing must be performed (using the SLIC microcircuit’s 
spare op amp) beyond this output to completely implement two to four wire conversion. This output is 
unbalanced and referenced to analog ground. Since the DC level of this output varies with loop cur¬ 
rent, capacitive coupling to the next stage is essential. 

1,8,15,22 


NC 

No Internal Connection. 


NOTE: All grounds (AG, BG, & DG) must be applied before or Vg*. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 


Functional Diagram 


RING SYNC >=■ 
RC 

RING COMMAND >= 
.RD 


SECONDARY 

PROTECTION 


POWER DENIAL : 



1. trip r 

RING 

CONTROL 

1 

3 


LOOP 

MONITORING 


BATTERY 

FEED 


LOOP 

CURRENT 

UMITER 


UNE 

DRIVERS 



sue MICROCIRCUIT 


SHD SWITCH HOOK 
DETECTION 

GROUND KEY 
DETECTION 


TX TRANSMIT 
OUTPUT 


SX< RECEIVE 
INPUT 
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HC-5504B 


Schematic (continued) 


LOGIC GATE SCHEMATIC 



SCHOTTKY LOGIC 


Die Characteristics 


Transistor Count.185 

Diode Count.36 

Die Dimensions.137 x 102 

Substrate Potential.Connected 

Process.Bipolar-DI 

Thermal Constants (°C/W) Gjc 

CeramicDIP. 52 15 

Plastic DIP. 52 22 

PLCC. 67 29 

SOIC. 76 29 


Overvoitage Protection and Longitudinai 
Current Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 


The SLIC will withstand longitudinal currents up to a maxi¬ 
mum or 30mArms, 15mArms per leg, without any perfor¬ 
mance degradation. 

TABLE 1 


PARAMETER 

TEST 

CONDITION 

PERFORMANCE 

(MAX) 

UNITS 

Longitudinai 

Surge 

lO^s Rise/ 

1000ms Fall 

±1000 (Plastic) 

VpEAK 

±500 (Ceramic) 

VpEAK 

Metallic Surge 

10ms Rise/ 

1000ms Fall 

±1000 (Plastic) 

VPEAK 

±500 (Ceramic) 

VpEAK 

T/GND 

R/GND 

10ms Rise/ 

1000ms Fall 

±1000 (Plastic) 

VpEAK 

±500 (Ceramic) 

VpEAK 

5(y60Hz Current 

T/GND 

R/GND 

11 Cycles 

Limited to 
lOArms 

700 (Plastic) 

Vrms 

350 (Ceramic) 

Vrms 















HC-5504B 


Applications Diagram 


SYSTEM CONTROLLER 


SUBSCRIBER 

LOOP 


PRIMARY 

PROTEC¬ 

TION 


' K1 i POWER SWITCH GROUND RING Rl^ 
I I DENIAL HOOK KEY SYNC CMD 
I _y « DETECT detect 


TIP 

TIP FEED 


SLIC 

HC-5504B 


RING FEED 
RING FEED SENSE 


e 150V PEAK (MAX) 
RING GENERATOR 


NEG. 

BATT. 

BATT. 

GND. 

DIG. 

GND. 

ANA. 

GND. 

C4 

Vb+ 

IF" 

12 

U 

23 

|4 

r 


1 



-48V 

■i 

/7777 


Vb + 


BALANCE NETWORK 
C5 

-cF-Tlr"-"- 


I SWITCHING 
NETWORK 


11*1 


FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


Typical Component Values 
C2 = 0.15pF. 10V 
C3 = 0.3^F. 30V 

C4 = O.SpF to I.OpF, 10%, 20V (Should be nonpolarized) 
C5 = O.SpF, 20V 

C 6 = C7 = O.SpF (10% Match Required) (Note 2) 

C 8 = 0.01 pF, 100V 
C9 = 0.01 pF, 20V. ±20% 


R 1 = R2 = R3 = 100k (0.1% Match Required, 1% absolute 
value) ZB = 0 for 600Q Terminations (Note 2 ) 

RB^ = RB 2 = RB 3 = RB 4 = 150Q (0.1% Match Required, 1% 
absolute value) 

Rsi = Rs 2 typically. 

Csi = Cs 2 = 0.1 pF, 200V typically, depending on Vrinq and 
line length. 

= 150V to 200V transient protection. 

PTC used as ring generator ballast. 


1 . Secondary protection diode bridge recommended is a 2A, 200V type. 

2. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7-ZB-R3, to match 
in impedance to within 0.3%. Thus, if C6 and C7 are IpF each, a 20% match is adequate. It should be noted that the transmit output to 
C6 sees a >22V step when the loop is closed. Too large a value for 06 may produce an excessively long transient at the op amp output 
to the PCM Filter/CODEC. 

A O.SpF and lOOkG gives a time constant of 50msec. The uncommitted op amp output is internaiiy ciamped to stay within ±5.5V and 
also has current limiting protection. 

3. All grounds (AG, BG, & DG) must be applied before Vb+ or Vb-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first 

4. Application shows Ring Injected Ringing, Balanced or Tip injected configuration may be used. 

5. Pin numbers given for DIP/SOIC package. 

Additional information is contained in Application Note 549, “The HC-550X Telephone SLICs” By Geoff Phillips 
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HC-5504DLC 


March 1993 


SLIC 

Subscriber Line Interface Circuit 


Features 

• Pin for Pin Repiacement for the HC-5504 

• Capable of +5V or +12V (Vb+) Operation 

• Monolithic Integrated Device 

• Dl High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (41mA) 

• Internal Ring Relay Driver 

• Allows Interfacing With Negative Superimposed Ring¬ 
ing Systems 

• Low Power Consumption During Standby 

• Switch Hook Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 

• Solid State Line Interface Circuit for Analog and Digi¬ 
tal PBX Systems 

• Direct inward Dial (DID) Trunks 

• Voice Messaging PBXs 

• Allows Multi-Phone Operation 


Description 

The Harris SLIC Incorporates many of the BORSHT functions 
on a single 1C chip. This Includes DC battery feed, a ring relay 
driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance In the pres¬ 
ence of externally induced longitudinal currents. Using the 
unique Harris dielectric isolation process, the SLIC can oper¬ 
ate directly with a wide range of station battery voltages. 

The SLIC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the SLIC 
will provide system protection by denying power to selected 
subscriber loops. 

The Harris SLIC is Ideally suited for the design of new digital 
PBX systems by eliminating bulky hybrid transformers. 

Ordering information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HC1-5504DLC-5 

0®tO+75®C 

24 Lead Ceramic DIP 

HC1-5504DLC-9 

-40° to +85°C 

24 Lead Ceramic DIP 

HC3-5504DLC-5 

0°to+75°C 

24 Lead Plastic DIP 

HC3-5504DLC-9 

-40°to+85°C 

24 Lead Plastic DIP 

HC4P5504DLC-6 

0°to+75°C 

28 Lead PLCC 

HC4P5504DLC-9 

-40°to+85°C 

28 Lead PLCC 

HC9P5504DLC-5 

0°to+75°C 

24 Lead SOIC 

HC9P5504DLC-9 

-40°to+85°C 

24 Lead SOIC 



CAUTION: These devices are sensitive to electrostatic discharge. Users should foltow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 o oo 
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Specifications HC-5504DLC 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Maximum Continuous Supply Voltages 


Operating Temperature Range 


(Vb-). 

...-60to+0.5V 

HC-5504DLC-5. 

.0°C to +75®C 

(Vb+). 

...-0.5to+15V 

HC-5504DLC-9. 

.-40°Cto+85°C 

(Vb+-Vb-). 

.+75V 

Storage Temperature Range. 

.-65°Cto150°C 

Relay Drive Voltage (Vrd). 

....-0.5to+15V 

Relay Driver Voltage (Vrd). 

.+5 to +12V 

Junction Temperature Ceramic. 

.+175®C 

Positive Supply Voltage (Vb+) .4.75 to 5.25 or 10.8 to 13.2V 

Junction Temperature Plastic. 

.+150°C 

Negative Supply Voltage (Vb-). 

.-42 to -58V 

Lead Temperature (Soldering 10 Sec.). 

. +300®C 

High Level Logic Input Voltage. 

.2.4V 



Low Level Logic Input Voltage. 

.0.6V 



Loop Resistance (RJ. 

. 200to1200D 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings‘ may cause permanent damage to the device. This is a stress only rating and operation 

of ^e device at these or any other conditions above those indicated in the operational sections of this specification is not in^lied. 


Electrical Specifications Unless otherwise Specified, Vb< »-48V, Vb+ •»•12V and +5V, AG BG = DG 
Ta = +25°C. Min-Max Parameters are Over Operating Temperature Range. 

= OV, Typical Parameters 


PARAMETER 


On Hook Power Dissipation 


Off Hook Power Dissipation 


Off Hook IB+ 


Off Hook IB+ 


Off Hook IB- 


Off Hook Loop Current 


Off Hook Loop Current 


Off Hook Loop Current 


Fault Currents 
TIP to Ground 


RING to Ground 


TIP to RING 


TIP and RING to Ground 


Ring Relay Drive VoL 


Ring Relay Driver Off Leakage 


Ring Trip Detection Period 


On Hook Ringing Current 


Switch Hook Detection Threshold 


Ground Key Detection Threshold 


Loop Current During Power Denial 


Dial Pulse Distortion 


Receive Input Impedance 


Transmit Output Impedance 


Two Wire Return Loss 
SRlLO 


Longitudinal Balance 
2 Wire Off Hook 


2 Wire On Hook 


4 Wire Off Hook 


CONDITIONS 


,q*=:0,Vb+ =+12V 


= 6000, Ilonq* = 0, Vb+ +12V 


MAX UNITS 



(Note 2) 


(Note 2) 


(Referenced to 600Q + 2.16pF), (Note 2) 


1 Vrms 200Hz - 3400Hz, (Note 2) IEEE Method 


0°C^Ta<+75°C 
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Specifications HC-5504DLC 


Electrical Specifications Unless otherwise Specified, Vb> = -48V, Vb+ == +12V and +5V, AG :r BG::: DG ^ OV, Typical Parameters 
Ta ~ +25*^0. Min>Max Parameters are Over Operating Temperature Range. (Continued) 



* Ilong =* Longitudinal Current 
NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec¬ 
ification compliance. 
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Specifications HC-5504DLC 


Uncommitted Op Amp Specifications 


PARAMETER 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Differential Input Resistance 


Output Voltage Swing 


Output Resistance 


Small Signal QBW 


Pin Descriptions 


28 PIN 24 PIN 

PLCC DIP/SOIC SYMBOL 


CONDITIONS 



Rl=10K, Vb+ = +5V 


Avcl= 1 (Note2) 


(Note 2) 



An analog Input connected to the TIP (more positive) side of the subscriber loop through a 1500 feed 
resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 


An analog Input connected to the RING (more negative) side of the subscriber loop through a 150Q 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 


Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal Is insert¬ 
ed into the line at this node and RF is isolated from RFS via a relay. 


Positive Voltage Source - Most positive supply. Vb+ is typically 12V or 5V. 


Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering Vb-. Typical value 
is 0.3pF, 30V. 


Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs and 
outputs on the SLIC microcircuit. 


Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such that 
a positive puise transition occurs on the zero crossing of the ring voltage source, as it appears at the 
RFS terminal. For Tip side Injected systems, the RS pulse should occur on the negative going zero 
crossing and for Ring injected systems, on the positive going zero crossing. This ensures that the ring 
reiay activates and deactivates when the instantaneous ring voltage is near zero, if synchronization is 
not required, the pin should be tied to +5V. 


Reiay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 


Tip Feed - A low impedance anatog output connected to the TIP terminal through a 150n feed resistor. 
Functions with the RF terminal to provide loop current, feed voice signais to the telephone set, and 
sink longitudinal current. 


Ring Feed - A low Impedance analog output connected to the RING terminal through a 150Q feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 


Negative Voitage Source - Most negative suppiy. Vb- is typically -48V with an operational range of 
-42V to -58V. Frequently referred to as “battery". 


Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
Into this ground terminal. 


Switch Hook Detection - A low active LS TTL - compatible logic output. 


Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled if the DC 
current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and disabled 
if this current difference is below an internally set threshold. 


Power Denial - A low ac tive TT L - Compatible logic Input. When enabled, the switch hook detect (SHD) 
and ground key detect (GKD) are not necessarily valid, and the reiay driver (RD) output is disabled. 


Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) 
output goqs low pn tjie next high level of the ring sync (RS) input, as long as the SLIC Is not in the 
power denial state (PD = 0) or the subscriber is not already off- hook (SHD = 0). 


CO 
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Specifications HC-5504DLC 


Pin Descriptions (Continued) 


28 PIN 
PLCC 

24 PIN 
DIP/SOIC 

SYMBOL 

DESCRIPTION 

20 

17 

C2 

Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 
Prevents false ground key indications from occurring during ring trip detection. Typical value is 0.15pF, 
10V. This capacitor Is not used if ground key function is not required and (Pin 17) may be left open or 
connected to digital ground. 

21 

18 

OUT 

The analog output of the spare operational amplifier. The output voltage swing is typicaliy ±5V. 

23 

19 

-IN 

The inverting analog input of the spare operational amplifier. 

24 

20 

+IN 

The non-inverting analog input of the spare operational amplifier. 

25 

21 

RX 

Receive Input, Four Wire Side - A high impedance analog input which is internally biased. Capacitive 
coupling to this input is required. AC signals appearing at this input differentially drive the Tip feed and 
Ring feed terminals, which in turn drive tip and ring through 300Q of feed resistance on each side of 
the line. 

26 

22 

04 

Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prevents false ground key indication and false ring trip detection from occurring when 
longitudinal currents are induced onto the subscriber loop from near by power lines and other noise 
sources. This capacitor is also required for the proper operation of ring trip detection. Typical value is 
0.5pF, to 1 .OpF, 20V. This capacitor should be nonpolarized. 

27 

23 

AG 

Analog Ground - To be connected to zero potential and serves as a reference for the transmit output 
(TX) and receive input (RX) terminals. 

28 

24 

TX 

Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 
voltage across Tip and Ring. Transhybrid balancing must be performed (using the SLIC microcircuit’s 
spare op amp) beyond this output to completely implement two to four wire conversion. This output is 
unbalanced and referenced to analog ground. Since the DC level of this output varies with loop 
current, capacitive coupling to the next stage is essential. 

1,8,15,22 


NO 

No Internal Connection. 


NOTE: All grounds (AG, BG, & DG) must be applied before Vb+ or Vb*. Failure to do so may result In premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 


Functional Diagram 



SWITCH HOOK 
DETECTION 
GROUND KEY 
DETECTION 


TRANSMIT 

OUTPUT 


RECEIVE 

INPUT 


Vb- 















































HC-5504DLC 


Schematic 

SLIC FUNCTIONAL SCHEMATIC 

(DIP/SOIC PIN NUMBERS SHOWN) 


21 22 11 12 23 6 4 20 19 
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HC-5504DLC 


Schematic (Continued) 


LOGIC GATE SCHEMATIC 


Die Characteristics 

Transistor Count..185 

Diode Count.36 

Die Dimensions...137 x 102 

Substrate Potential.Connected 

Process.Bipolar-DI 

Thermal Constants (°C/W) 0j;^ 0 jq 

Ceramic DIP. 52 15 

Plastic DIP. 52 22 

PLCC. 67 29 

SOIC. 76 24 

Overvoitage Protection and Longitudinai 
Current Protection 

The sue device, In conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 


The sue will withstand longitudinal currents up to a maxi¬ 
mum or 30mArms, 15mArms per leg, without any perfor¬ 
mance degradation. 


PERFORMANCE 


PARAMETER 

CONDITION 

(MAX) 

UNITS 

Longitudinal 

lO^sRise/ 

±1000 (Plastic) 

VpEAK 

Surge 

lOOOns/Fall 

±500 (Ceramic) 

VpEAK 

Metallic Surge 

10^ Rise/ 

±1000 (Plastic) 

VpEAK 


lOOOn Fall 

±500 (Ceramic) 

VPEAK 

T/GND 

10 ^sRise/ 

±1000 (Plastic) 

VpEAK 

R/GND 

1000ms Fall 

±500 (Ceramic) 

VpEAK 

60/60HZ Current 

T/GND 

11 Cycles 

700 (Plastic) 

Vrms 

R/GND 

Limited to 

350 (Ceramic) 

Vrms 


lOArms 
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HC-5504DLC 


Applications Diagram 



FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


Typical Component Values 

C2 = 0.15hF, 10V 
C3 = O.a^iF, 30V 

C4 = 0.5p.F to 1.0^lF, 10%, 20V (Should be nonpolarized) 
C5 = 0.5^lF, 20 V 

C 6 = C7 = 0.5^lF (10% Match Required) (Note 2) 

C 8 = 0.01^F, 100V 
C9 = 0.01 pF, 20V, ±20% 


R1 = R2 = R3 = 100 k (0.1% Match Required, 1% absolute 
value) ZB = 0 for 600Q Terminations (Note 2 ) 

RBi = RBg = RBg = RB 4 = 150a (0.1% Match Required, 1% 
absolute value) 

Rsi = Rs 2 = 1 kfl; typically. 

Csi = Cs 2 = 0.1 pF, 200V typically, depending on Vri^q and 
line length. 

= 150V to 200V transient protection. 

PTC used as ring generator ballast. 


NOTES: 

1. Secondary protection diode bridge recommended is a 2A, 200V type. 

2. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6>R1 and R2 and C7-ZB-R3, to match 
in impedance to within 0.3%. Thus, if C6 and C7 are IpF each, a 20% match is adequate. It should be noted that the transmit output to 
C6 sees a -22V step when the loop is closed. Too large a value for C6 may produce an excessively long transient at the op amp output 
to the PCM Filter/CODEC. 

A 0.5pF and 100k£2 gives a time constant of 50msec. The urx;ommitted op amp output is internally clamped to stay within ±5.5V and 
also has current limiting protection. 

3. All grounds (AG, BG, & DG) must be applied before Vb+ or Vg-. Failure to do so may result In premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 

4. To prevent saturation of longitudinal amplifier during ringing, the ringer current should be limited to less than 30mA peak. 

5. Application shows Ring Injected ringing, a Balanced or Tip Injected configuration may be used. 

6 . Pin numbers given for DIP/SOIC package. 

Additional information is contained in Application Note 549, ‘The HC-550X Telephone SLiCs” By Geoff Phillips 
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PRELIMINARY 

March 1993 

Features 

• Dl Monolithic High Voitage Process 

• Compatibie with Woridwide PBX and CO Perfornnance 
Requirenients 

• Controiied Supply of Battery Feed Current with Programniabie 
Current Limit 

• Operates with 5V Positive Suppiy (Vg J 

• Internal Ring Relay Driver and a Utliity Relay Driver 

• High Impedance Mode for Subscriber Loop 

• High Temperature Alarm Output 

• Low Power Consumption During Standby Functions 

• Switch Hook, Ground Key, and Ring Trip Detection 

• Seiective Power Deniai to Subscriber 

• Voice Path Active During Power Deniai 

• On Chip Op-Amp for 2 Wire Impedance Matching 

Applications 

• Solid State Line Interface Circuit for PBX or Central Office 
Systems, Digital Loop Carrier Systems 

• Hotei/Motei Switching Systems 

• Direct Inward Dialing (DID) Trunks 

• Voice Messaging PBX’s 

• High Voitage 2W/4W, 4W/2W Hybrid 


HC-5509A1 

sue 

Subscriber Line Interface Circuit 

Description 

The HC-5509A1 telephone Subscriber Line Interface Circuit 
integrates most of the BORSCHT functions on a monolithic 
iC. The device is manufactured in a Dielectric Isolation (Dl) 
process and is designed for use as a high voltage interface 
between the traditional telephone subscriber pair (Tip and 
Ring) and the low voltage filtering and coding/decoding func¬ 
tions of the line card. Together with a secondary protection 
diode bridge and “feed” resistors, the device will withstand 
1000V lightning induced surges, in plastic packages. The 
sue also maintains specified transmission performance in 
the presence of externally induced longitudinal currents. The 
BORSCHT functions that the SLIC provides are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op-Amp) 


Ordering Information 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

HC1-5509A1-5 

0®to+75°C 

28 Lead Ceramic DIP 

HC1-5509A1-9 

-40°tO+85°C 

28 Lead Ceramic DIP 

HC3-5509A1-5 

0°to+75°C 

28 Lead Plastic DIP 

HC3-5509A1-9 

-40°to+85°C 

28 Lead Plastic DIP 

HC4P5509A1-5 

0°to+75°C 

44 Lead PLCC 

HC4P5509A1-9 

-40°to+85°C 

44 Lead PLCC 

HC9P5509A1-5 

0°to+75°C 

28 Lead SOIC 

HC9P5509A1-9 

-40®to+85°C 

28 Lead SOIC 


• Test (or Battery Reversal) Relay Driver 

In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20 to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated In the SLIC device. 

The HC-5509A1 SLIC is Ideally suited for line card designs 
in PBX and CO systems, replacing traditional transformer 
solutions. 


Pinouts 

HC-5509A1 (PDIP, CDIP, SOIC) 
TOP VIEW 


AG [T 

-- 

^C2 

VB+ [7 


if] VB- 

Cl U 


IUrf 



25] TF 

FO [T 


ill VFB 

RS [T 



SH6 [7 


s 

11 

SRB |T 


El PR 



^ PRI 

TO Oi 


iHvTX 

ilmtEi 


is] LAD 

OUT1 El 


ifj VRX 

^N1 El 


iiiRFs 

TIP El 


is] RING 


TRUTH TABLE 


FI 

FO 

ACTION 

0 

0 

Normal Loop Feed 

0 

1 

^ Active 

1 

0 

Power Down Latch 
RESET 

1 

0 

Power on RESET 

1 

1 

Loop Power 

Deniai Active 


HC-5509A1 (PLCC) 
TOP VIEW 


i o i s i 8 $ g i £ 





CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pj |0 fsjyrnber 3567 

Copyright © Harris Corporation 1993 
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Specifications HC-5509A1 


Absolute Maximum Ratings (Note i) 


Relay Drivers.-0.5Vto+15V 

Maximum Supply Voltages 

(Vb+) .-0.5Vto+7V 

(Vb+)-(Vb-).+75V 

Junction Temperature Ceramic.+175°C 

Junction Temperature Piastic.+150®C 

Lead Temperature (Soldering 10 Sec.).+300®C 


Operating Conditions 

.0®Cto+75°C 

.-40°Cto+85°C 

.-65°Cto+150°C 

.+5Vto+12V 

.+5V ±5®/o 

.-42V to-58V 

200ato1750Q (Note 2) 


Operating Temperature Range 

HC-5509A1-5. 

HC-5509A1-9. 

Storage Temperature Range.. 

Reiay Drivers. 

Positive Power Supply (Vb+) .. 
Negative Power Supply (Vg.).. 
Loop Resistance (Rj. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operatbnal sections of this specification is not implied. 


Electrical Specifications unless Othenvlse Specified, Typical Parameters are at T^ - +25°C, Min-Max Parameters are over Oper¬ 
ating Temperature Range, Vg. = -48V, Vg+ = +5V, AG = DG = BG = OV. All A.C. Parameters are specified 
at 600Q 2-Wire terminating impedance. 


PARAMETER 

TEST CONDITIONS 


TYP 

MAX 

UNITS 

A.C. TRANSMISSION PARAMETERS 

RX Input Impedance 

300Hz to 3.4kHz (Note 3) 

- 

100 

- 

ka 

TX Output Impedance 

300Hz to 3.4kHz (Note 3) 

- 

- 

20 

Q 

4W Input Overload Level 

300Hz to 3.4kHz Rl = 1200Q, 

6000 Reference 

+1.5 

■ 

■ 

imiiiimi 

2W Return Loss 

Matched for 6000 (Note 3) 



■ 


SRL LO 


26 

35 

Hi 

dB 

ERL 


30 

40 

- 

dB 

SRL HI 


30 

40 

- 

dB 

2W Longitudinal to Metallic Balance 

Off Hook 

Per ANSI/IEEE STD 455-1976 (Note 3) 
300Hz to 3400Hz 

58 

63 

■ 

dB 

4W Longitudinal Balance 

Off Hook 

300Hz to 3400Hz (Note 3) 

50 

55 

- 

dB 

Low Frequency Longitudinal Balance 

R.E.A. Test Circuit 

- 

- 

-67 

dBmp 


luNE = T^ sr +25®C (Note 3) 


- 

23 

dBrnC 

Longitudinal Current Capability 

luNE = 40mA Ta +25°C (Note 3) 

- 

- 

30 

mArms 

Insertion Loss 

OdBm at 1kHz, Referenced 6000 

■1 




2W/4W 


■ 

±0.05 

±0.2 

dB 

4W/2W 


- 

±0.05 

±0.2 

dB 

4W/4W 


- 

- 

±0.12 

dB 

Frequency Response 

300Hz to 3400Hz (Note 3) Referenced to 
Absolute Level at 1kHz, OdBm Referenced 
6000 

■ 

±0.02 

±0.05 

dB 

Level Linearity 

Referenced to -lOdBm (Note 3) 

■ 

■ 



2W to4Wand4Wto2W 

+3 to -40dBm 

■ 

■ 

±0.05 

dB 


-40 to -50dBm 

- 

- 

±0.1 

dB 


-50 to -55dBm 

- 

- 

±0.3 

dB 





































































































Specifications HC-5509A1 


Electrical Specifications unless otherwise Specified, lyplcal Parameters are at = 'f25°C, Min-Max Parameters are over Oper- 
ating Temperature Range, Vb. = -48V, = +5V, AG = DG = BG = OV. All A.C. Parameters are specified 

at 600Q 2-Wire terminating impedance. (Continued) 


PARAMETER 

TEST CONDITIONS 

mom 

TYP 

MAX 

UNITS 

Absolute Delay 

(Note 3) 

■ 

■I 

■1 


2W/4W 

300Hz to 3400Hz 

■ 

■ 

a 

^lS 

4W/2W 

300Hz to 3400Hz 

- 

- 

1 

ps 

4W/4W 

300Hz to 3400Hz 

- 

- 

1.5 

ps 

Transhybrid Loss, THL 

(Note 3) See Figure 1 

- 

40 

- 

dB 

Total Harmonic Distortion 

2W/4W, 4W/2W, 4W/4W 

Reference Level OdBm at 6000 

300Hz to 3400Hz (Note 3) 

■ 

■ 

-52 

dB 

Idle Channel Noise 

(Note 3) 

■1 

■1 



2Wand4W 

C-Message 

m 

IH 

5 

dBrnC 


Psophometric 

- 

- 

-85 

dBmp 


3kHz Flat 

- 

- 

15 

dBm 

Power Supply Rejection Ratio 

VB+to2W 

(Note 3) 

30Hz to 200Hz, Rl = 600Q 

20 

29 

■ 

dB 

VB.^to4W 


20 

29 

- 

dB 

Vg. to 2W 


20 

29 

- 

dB 

VB-to4W 


20 

29 

- 

dB 

Vb+ to 4W 

(Note 3) 

200Hz to 16kHz, Rl = 600Q 

30 

- 

- 

dB 

VB.to2W 

30 

- 

- 

dB 

VB.to4W 


20 

25 

- 

dB 

Vb- to 4W 


20 

25 

- 

dB 

Ring Sync Pulse Width 


50 

- 

500 

ps 


D.C. PARAMETERS 


Loop Current Programming 
Limit Range 


Accuracy 


Loop Current During Power Denial 


Fault Currents 


TIP to Ground 


RING to Ground 


TIP and RING to Ground 


Switch Hook Detection Threshold 


Ground Key Detection Threshold 


Thermal ALARM Output 



Safe Operating Die Temperature Exceeded 140 














































































































Specifications HC-5509A1 


Electrical Specifications unless otherwise Specified, typical Parameters are at = ■f25°C, Min-Max Parameters are over Oper- 
atlng Temperature Range. Vg. = -48V, Vg^ = +5V, AG = DG = BG = OV. All A.C. Parameters are specified 
at 600G 2-Wire terminating impedance. (Continued) 



NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. May Be Extended to 1900Q With Application Circuit. 

3. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec¬ 
ification compliance. 


8-109 










































































HC-5509A1 


Pin Descriptions 


DIP/SOIC 

PLCC 

SYMBOL 

DESCRIPTION 























Analog Ground • To be connected to zero potential. Serves as a reference for the transmit output 
and receive input terminals. 


Positive Voltage Source > Most Positive Supply. 


Capacitor #C1 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function. 


Function Address #1 • A TTL and CMOS compatible input used with FO function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on pagel. FI should be toggled high after power is applied. 


Function Address #0 - A TTL and CMOS compatible input used with FI function address line to 
externally select logic functions. The three selectabie functions are mutuaily exclusive. See Truth 
Table on page 1. 


Ring Synchronization input - A TTL > compatible clock input. The clock is arranged such that a 
positive puise (50 - 500ps) occurs on the zero crossing of the ring voitage source, as it appears 
at the RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative 
going zero crossing and for Ring injected systems, on the positive going zero crossing. This en¬ 
sures that the ring delay activates and deactivates when the instantaneous ring voltage is near 
zero. If synchronization is not required, the pin should be tied to +5. 


Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 


Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 


A TTL logic input. A low on this pin will set a latch and keep the SLIC in a power down mode until 
the proper FI, FO state is set and will keep ALM low. See Truth Table on page 1. 


A LS TTL compatible active low output which responds to the thermal detector circuit when a safe 
operati ng di e temperature has been exceeded. When TST is fo rced low by an external c ontrol 
signal, ALM is latched lo w until the proper FI, FO state and TST input is brought high. The ALM 
can be tied directly to the TST pin to power down the part when a thermal fault is detected and 
then reset with FO, FI. See IVuth Table on page 1. It is pos sible to ignore tra nsien t thermal over¬ 
load conditions in the SLIC by delaying the response to the TST pin from the ALM. Care must be 
exercised in attempting this as continued thermal overstress may reduced component life. 


Loop Current Limit - Voitage on this pin sets the short loop current limiting conditions using a re¬ 
sistive voltage divider. 


The analog output of the spare operational amplifier. 


The inverting analog input of the spare operational amplifier. 


An analog input connected to the TIP (more positive) side of the subscriber loop through a feed 
resistor and ring relay contact. Functions with the RING terminal to receive voice signals from 
the telephone and for loop monitoring purpose. 


An analog input connected to the RING (more negative) side of the subscriber loop through a 
feed resistor. Functions with the TIP terminal to receive voice signals from the telephone and for 
loop rrK>nitoring purposes. 


Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected 
ringing the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, 
the RF and RFS pins must be shorted. 


Receive Input, Four Wire Side - A high impedance analog input. AC signals appearing at this 
input drive the Tip Feed and Ring Feed amplifiers differentially. 


Longitudinal Amplifier Output - A low impedance output to be connected to C2 through a low 
pass filter. Output is proportional to the difference in \j\p and ipiNQ. 
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HC-5509A1 


Pin Descriptions (Continued) 



DESCRIPTION 


Transmit Output, Four Wire Side - A low Impedance analog output which represents the differ¬ 
ential voltage across TIP and RING. Transhybrid balancing must be perforrmd beyond this out¬ 
put to completely implement two to four wire conversion. This output is referenced to analog 
ground. Since the D.C. level of this output varies with loop current, capacitive coupling to the next 
stage is necessary. 


A TTL compatible input used to control PR. PRI active High = PR active low. 


An active low open collector output. Can be used to drive a Polarity Reversal Relay. 


Digital Ground - To be connected to zero potential - serves as reference for all digital inputs and 
outputs on the SLIC. 


Battery Ground - Tube connected to zero potential. All loop current and some quiescent current 
flows into this terminal. 


Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ring¬ 
ing signals onto the 2-Wire line. 


Feedback input to the tip feed amplifier; may be used in conjunction with transmit output signal 
and the spare op-amp to accommodate 2W line impedance matching. 


Tip Feed - A low Impedance analog output connected to the TIP terminal through a feed resistor. 
Functions with the RF terminal to provide loop current, and to feed voice signals to the telephone 
set and to sink longitudinal currents. Must be tied to TF1. 


Tie directly to TF2 in the PLCC application. 


Ring Feed - A low impedance analog output connected to the RING terminal through a feed re¬ 
sistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and to sink longitudinal currents. Tie directly to RF2. 


Tie directly to RF1 In the PLCC application. 


The battery voltage source. The most negative supply. 


Capacitor #2 - An external capacitor to be connected between this terminal and ground. It pre¬ 
vents false ring trip detection from occurring when longitudinal currents are induced onto the sub¬ 
scriber loop from power lines and other noise sources. This capacitor should be nonpolarized. 





1,5,6,7, 
15,16, 
17,21, 
23,26, 
28,29, 30 


1. All grounds (AG, BG, DG) must be applied before Vb> or V^.. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 
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HC-5509A1 



Die Characteristics 

Transistor Count.224 

Diode Count.28 

Die Dimensions.174 x 120 

Substrate Potential.Connected 

Process.Bipolar-DI 

Thermal Constants (°C/W) 0 jq 

Ceramic DIP. 48 12 

Plastic DIP. 51 21 

PLCC. 47 17 

SOIC. 72 22 


The sue will withstand longitudinal currents up to a maxi¬ 
mum or 30mArms, ISmArms per leg, without any perfor¬ 
mance degradation 


PERFORMANCE 


Overvoitage Protection and Longitudinai 
Current Protection 

The sue device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 


PARAMETER 

CONDITION 

(MAX) 

UNITS 

Longitudinal 

10ps Rise/ 

±1000 (Plastic) 

Bill 

Surge 

lOOO^s Fall 

±500 (Ceramic) 

VpEAK 

Metallic Surge 

lOps Rise/ 

±1000 (Plastic) 

^9 


lOOOps Fall 

±500 (Ceramic) 

BBS 

T/GND 

lOps Rise/ 

±1000 (Plastic) 


R/GND 

lOOOps Fall 

±500 (Ceramic) 

Pill 

SO/eOHz Current 




T/GND 

11 Cycles 

700 (Plastic) 

Vrms 

R/GND 

Limited to 
lOArms 

350 (Ceramic) 

miQPiii 
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HC-5509A1 



FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


TYPICAL COMPONENT VALUES 

C1 = O.SjiF, 30V 
RF1 =RF2 = 210ka 1% 

CF1 = CF2 = 0.22|xF, 10%, 20V Nonpolarized 
C3 = 0.01 ^iF, 100 V, ±20% 

C4 = 0.01 pF, 100V, ±20% 

C5 = 0.01pF, 100V, ±20% 

Cac = 0.5pF, 20 V 

KZq = 60k^ (Zq = 6000, K = Scaling Factor = 100 ) 

RL1, RL2; Current Limit Setting Resistors: 

RL1 + RL2 > 90kO -> offset 

•limit = (0-6) (RL1 + RL2)/(200 x RL2). RL1 typically lOOkO 
NOTES: 


KRp = 20kO, RF = 2 (Rb 2 + Rb 4 ). K = Scaling Factor = 100) 
RBi = RB 2 = RB 3 = RB 4 = 500 (1% absolute, matching 
requirements covered in a Tech Brief) 

Rsi = Rs 2 = 1 kO typically 

CS1 = CS2 = 0.1 pF, 200V typically, depending on Vping and 
line length. 

Zi = 150V to 206v transient protector. PTC used as ring 
generator ballast. 

* Secondary protection diode bridge recommended is 3A, 200V 
type. 

**TF1, TF2 and RF1, RF2 are on PLCC only and should be con¬ 
nected together as shown. 

***Not Present on DIP or SOIC packages. 


1. All grounds (AG, BG, & DG) must be applied before Vb+ or Vb*. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 

2. Application shows Ring Injected Ringing, a Balanced or Tip Injected configuration may be used. 

Additional information Is contained in Application Note 549, The HC-550X Telephone SLICs’ By Geoff Phillips 
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SEMICONDUOTOII 


HC-5509B 

SLIC 

March 1993 Subscriber Line Interface Circuit 


Features 

• Dl Monolithic High Voltage Process 

• Compatible with Worldwide PBX and CO Performance 
Requirements 

• Controlled Supply of Battery Feed Current with Programmable 
Current Limit 

• Operates with 5V Positive Supply (Vb J 

• Internal Ring Relay Driver and a Utility Relay Driver 

• High Impedance Mode for Subscriber Loop 

• High Temperature Alarm Output 

• Low Power Consumption During Standby Functions 

• Switch Hook, Ground Key, and Ring Trip Detection 

• Selective Power Denial to Subscriber 

• Voice Path Active During Power Denial 

• On Chip Op-Amp for 2 Wire Impedance Matching 

Applications 

• Solid State Line Interface Circuit for PBX or Central Office 
Systems, Digital Loop Carrier Systems 

• Hotel/Motei Switching Systems 

• Direct Inward Dialing (DID) Trunks 

• Voice Messaging PBX’s 

• High Voltage 2W/4W, 4W/2W Hybrid 


Ordering Information 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

HC1-5509B-5 

0°to+75°C 

28 Lead Ceramic DIP 

HC1-5509B-9 

-40°to+85°C 

28 Lead Ceramic DIP 

HC3-5509B-5 

0°to+75°C 

28 Lead Plastic DIP 

HC3-5509B-9 

-40°to+85°C 

28 Lead Plastic DIP 

HC4P5509B-5 

0°tO+75°C 

44 Lead PLCC 

HC4P5509B-9 

-40° to +85°C 

44 Lead PLCC 

HC9P5509B-5 

0°to+75°C 

28 Lead SOIC 

HC9P5509B-9 

-40° to +85°C 

28 Lead SOIC 


Description 

The HC-5509B telephone Subscriber Line Interface Circuit 
integrates most of the BORSCHT functions on a monolithic 
IC. The device is manufactured in a Dielectric Isolation (Dl) 
process and is designed for use as a high voltage interface 
between the traditional telephone subscriber pair (Tip and 
Ring) and the low voltage filtering and coding/decoding func¬ 
tions of the line card. Together with a secondary protection 
diode bridge and “feed” resistors, the device will withstand 
1000V lightning induced surges, In plastic packages. The 
SLIC also maintains specified transmission performance In 
the presence of externally induced longitudinal currents. The 
BORSCHT functions that the SLIC provides are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op-Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20 to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLIC device. 

The HC-5509B SLIC is ideally suited for line card designs in 
PBX and CO systems, replacing traditional transformer 
solutions. 


Pinouts 

HC-5509B (PDIP, CDIP, SOIC) 
TOP VIEW 


AG [T 

-u- 

^BG 

VB+ [T 


^ VB- 

Cl |T 


^RF 

f«|7 


EItf 

FO [T 


^ VFB 

RS U 


23 ] R5 

5n5 [T 


^ DG 

gR5 [£ 


ISE 

El 

TsT [7 


^ PRI 

XOB |io 


19] VTX 

ilmtOi 


18]C2 

OUT1 III 


in VRX 

-INI |l3 


iUrfs 

TIP Of 


is] RING 


TRUTH TABLE 


FI 

FO 

ACTION 

0 

0 

Normal Loop Feed 

0 

1 

^ Active 

1 

0 

Power Down Latch 
RESET 

1 

0 

Power on RESET 

1 

1 

Loop Power 

Denial Active 


HC-5509B (PLCC) 
TOP VIEW 





CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pjjg jsiy^ber 2799.2 

Copyright €> Harris Corporation 1993 
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Specifications HC-5509B 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


Relay Drivers.-0.5V to +15V Operating Temperature Range 

Maximum Supply Voltages HC-5509B-5.0°Cto+75°C 

(Vb+) .-0.5V to +7V HC-5509B-9.-40°C to +85°C 

(Vb+)“(Vb-) .+75V Storage Temperature Range.-65®C to +150°C 

Junction Temperature Ceramic.+175°C Relay Drivers.+5V to +12V 

Junction Temperature Plastic..+150°C Positive Power Supply (Vb+).+5V ±5% 

Lead Temperature (Soldering 10 Sec.).+300°C Negative Power Supply (Vg.).-42V to -58V 

Loop Resistance (Rj.200Q to 1750Q (Note 2) 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings“ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications unless Othenvise Specified, Typical Parameters are at = +25°C, Min-Max Parameters are over Oper¬ 
ating Temperature Range, Vg. = -48V, ^/Q^, = +5V, AG = DG = BG = OV. All A.C. Parameters are specified 
at GOOD 2-Wire terminating Impedance. 


PARAMETER 


A.C. TRANSMISSION PARAMETERS 


RX Input Impedance 


TX Output Impedance 


4W Input Overload Level 


2W Return Loss 


2W Longitudinal to Metallic Balance 
Off Hook 


4W Longitudinal Balance 
Off Hook 


Low Frequency Longitudinal Balance 


Longitudinal Current Capability 


insertion Loss 


Frequency Response 


Level Linearity 

2Wto4Wand4Wto2W 


TEST CONDITIONS 


300Hz to 3.4kHz (Note 3) 


300Hz to 3.4kHz (Note 3) 


300Hz to 3.4kHz Rl = 1200Q, 
600Q Reference 


Matched for 600Q (Note 3) 



Per ANSI/IEEE STD 455-1976 (Note 3) 
300Hz to 3400Hz 


300Hz to 3400Hz (Note 3) 


R.E.A. Test Circuit 


line = 40mA T;^ = +25°C (Note 3) 


line = 40mA Ta = +25®C (Note 3) 


OdBm at 1kHz, Referenced 600Q 



300Hz to 3400Hz (Note 3) Referenced to Ab¬ 
solute Level at 1kHz, OdBm Referenced 
600G 


Referenced to -lOdBm (Note 3) 
+3 to -40dBm 


-40 to -50dBm 


MAX UNITS 


-50 to -55dBm 
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Specifications HC-5509B 


Electrical Specifications Unless Otheiwlse specified, lyplcal Parameters are at = +2S°C, Min-Max Parameters are over Oper- 
ating Temperature Range, Vg. = -48V; Vb+ = +5V; AG = DG = BG = OV. All A.C. Parameters are specified 
at 600G 2>Wire terminating impedance. (Continued) 


PARAMETER 

TEST CONDITIONS 

IQQII 

TYP 

MAX 

UNITS 

Absolute Delay 

(Note 3) 

■1 

■1 

■1 


2W/4W 

300Hz to 3400Hz 

■ 

IH 

a 

MS 

4W/2W 

300Hz to 3400Hz 

- 

- 

1 

MS 

4W/4W 

300Hz to 3400Hz 

- 

- 

1.5 

MS 

Transhybrid Loss, THL 

(Note 3) See Figure 1 

- 

40 

- 

dB 

Total Harmonic Distortion 

2W/4W, 4W/2W, 4W/4W 

Reference Level OdBm at 6000 

300Hz to 3400Hz (Note 3) 

■ 

■ 

-52 

dB 

Idle Channel Noise 

(Note 3) 

■ 

■ 



2W and 4W 

C-Message 

■ 

■ 

5 

dBrnC 


Psophometric 

- 

- 

-85 

dBmp 


3kHz Flat 

- 

- 

15 

dBm 

Power Supply Rejection Ratio 

VB+to2W 

(Note 3) 

30Hz to 200Hz, Rl * 600Q 

20 

29 

■ 

dB 

VB+to4W 


20 

29 


dB 

VB.to2W 


20 

29 


dB 

VB.to4W 


20 

29 


dB 

VB+to4W 

(Note 3) 

200Hz to 16kHz, R,. = 6000 

30 



dB 

VB.to2W 

30 

- 


dB 

VB.to4W 


20 

25 


dB 

VB.to4W 


20 

25 


dB 

Ring Sync Pulse Width 


50 

- 

500 

MS 


D.C. PARAMETERS 


Loop Current Programming 
Limit Range 
Accuracy 



Loop Current During Power Deniai 


Rl = 200G 


±3 


±5 


mA 

% 

mA 


Fault Currents 
TIP to Ground 
RING to Ground 
TIP and RING to Ground 
Switch Hook Detection Threshold 



Ground Key Detection Threshold 



mA 

mA 

mA 

mA 

mA 


Thermal ALARM Output 


Safe Operating Die Temperature Exceeded 

140 

- 

160 


°C 












































































































Specifications HC-5509B 


Electrical Specifications unless otherwise Specified, typical Parameters are at = 'f25°C, Min-Max Parameters are over Oper- 
ating Temperature Range, Vg. = -48V, Vg^ = +5V, AG = DG = BG = OV. All A.C. Parameters are specified 
at 600G 2-Wire terminating impedance. (Continued) 


TEST CONDITIONS 


Vrinq = 105Vrms» ^rinq = 20Hz 




PARAMETER 


Ring Trip Detection Threshold 


Ring Trip Detection Period 


Dial Pulse Distortion 


Relay Driver Outputs 
On Voltage VoL 


Off Leakage Current 


TTLyCMOS Logic Inputs (FO, FI, RS, TEST, 
PRI) 

Logic ‘0’ V|L 


Logic ‘1’V|H 


Input Current (FO, F1, RS, TEST, PRI) 


Logic Outputs 
Logic ‘0’ Vql 


Logic‘1’VoH 


Power Dissipation On Hook 


•load = 80(^ 


•load = 


Relay Drivers Off 


'g+ = +5.25V, Vg. = -58V, Rloop " 


B- Vg+ = +5.25V. Vg- = -58V, Rloop = ^ 


UNCOMMITED OP AMP PARAMETERS 


Input Offset Voltage 


input Offset Current 


Differential input Resistance 


Output Voltage Swing 


Small Signal GBW 


NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be Impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. May Be Extended to 19000 With Application Circuit. 

3. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec¬ 
ification compliance. 



(Notes) 


RL=10kQ 


(Notes) 
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HC-5509B 


Pin Descriptions 


DIP/SOIC 

PLCC 

SYMBOL 

DESCRIPTION 

1 

2 

AG 

Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output 
and receive input terminals. 

2 

3 

VB+ 

Positive Voltage Source - Most Positive Supply. 

3 

4 

Cl 

Capacitor #C1 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function. 

4 

8 

FI 

Function Address #1 - A TTL and CMOS compatible input used with FO function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on pagel. FI should be toggled high after power is applied. 

5 

9 

FO 

Function Address #0 - A TTL and CMOS compatible input used with FI function address line to 
externally select logic functions. The three selectable functions are nrHJtualiy exclusive. See Truth 
Table on page 1. 

6 

10 

RS 

Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a 
positive pulse (50 - 500ps) occurs on the zero crossing of the ring voltage source, as it appears 
at the RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative 
going zero crossing and for Ring injected systems, on the positive going zero crossing. This en¬ 
sures that the ring delay activates and deactivates when the instantaneous ring voltage is near 
zero, if synchronization is not required, the pin should be tied to +5. 

7 

11 

si^ 

Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 

8 

12 

Gio 

Ground Key Detection • An active low LS TTL compatible logic output. A line supervisory output. 

9 

13 

TST 

A TTL logic Input. A low on this pin will set a latch and keep the SLIC in a power down mode until 
the proper FI, FO state is set and will keep ALM low. See Truth Table on page 1. 

10 

17 

ALM 

A LS TTL compatible active low output which responds to the thermal detector circuit when a safe 
operating die temperature has been exceeded. When TST is forced low by an external control 
signal, ALM is latched low until the proper FI, FO state and TST input is brought high. The ALM 
can be tied directly to the TST pin to power down the part when a thermal fault is detected and 
then reset with FO, FI. See Truth Table on page 1. It is possible to ignore transient thermal over¬ 
load conditions in the SLIC by delaying the response to the TST pin from the ALM. Care must be 
exercised in attempting this as continued thermal overstress may reduced component life. 

11 

18 

ILMT 

Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a re¬ 
sistive voltage divider. 

12 

19 

OUT1 

The analog output of the spare operational amplifier. 

13 

20 

-INI 

The inverting analog input of the spare operational amplifier. 

14 

22 

TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a feed 
resistor and ring relay contact. Functions with the RING terminal to receive voice signals from 
the telephone and for loop monitoring purpose. 

15 

24 

RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a 
feed resistor. Functions with the TIP terminal to receive voice signals from the telephone and for 
loop monitoring purposes. 

16 

25 

RFS 

Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected 
ringing the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, 
the RF and RFS pins must be shorted. 

17 

27 

VRX 

Receive Input, Four Wire Side - A high impedance analog input. AC signals appearing at this 
input drive the Tip Feed and Ring Feed amplifiers differentially. 


18 


31 


C2 


Capacitor #2 - An external capacitor to be connected between this terminal and ground. It pre¬ 
vents false ring trip detection from occurring when bngitudinal currents are induced onto the sub¬ 
scriber loop from power lines and other noise sources. This capacitor should be nonpolarized. 











































































HC-5509B 


Pin Descriptions (Continued) 



DESCRIPTION 



Transmit Output, Four Wire Side - A low impedance analog output which represents the differ¬ 
ential voltage across TIP and RING. Transhybrid balancing must be performed beyond this out¬ 
put to completely implement two to four wire conversion. This output is referenced to analog 
ground. Since the D.C. level of this output varies with loop current, capacitive coupling to the next 
stage is necessary. 


A TTL compatible input used to control PR. PRI active High = PR active low. 


An active low open collector output. Can be used to drive a Polarity Reversal Relay. 


Digital Ground - To be connected to zero potential. Serves as a reference for all digital inputs and 
outputs on the SLIC. 


Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ring¬ 
ing signals onto the 2-Wire line. 


Feedback input to the tip feed amplifier; may be used in conjunction with transmit output signal 
and the spare op-amp to accommodate 2W line impedance matching. 


Tip Feed - A low impedance analog output connected to the TIP terminal through a feed resistor. 
Functions with the RF terminal to provide loop current, and to feed voice signals to the telephone 
set and to sink longitudinal currents. Must be tied to TF1. 


Tie directly to TF2 In the PLCC application. 


Ring Feed - A low Impedance analog output connected to the RING terminal through a feed re¬ 
sistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and to sink longitudinal currents. Tie directly to RF2. 


Tie directly to RF1 in the PLCC application. 


The battery voltage source. The most negative supply. 


Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 



1,5,6,7, 
14,15, 
16,21, 
23,26, 
28,29, 
30,40 


4. All grounds (AG, BG, DG) must be applied before Vb+ or Vg.. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 
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HC-5509B 


Functional Diagram 


DIP OR SOIC 



VBi- I i PG I I AG I 

n2 


BIAS I ^ 

NETWORK I 27 


nfFT 




Die Characteristics 

Transistor Count.224 

Diode Count.28 

Die Dimensions.174 x 120 

Substrate Potential.Connected 

Process.BIpolar-DI 

Thermal Constants (°C/W) 0ja Ojc 

CeramicDIP. 48 12 

Plastic DIP.. 51 21 

PLCC. 47 17 

SOIC.. 72 22 


The SLIC will withstand longitudinal currents up to a maxi¬ 
mum or SOmArms, 15mArms per leg, without any perfor¬ 
mance degradation 


PARAMETER 


Overvoitage Protection and Longitudinal 
Current Protection 

The SLIC device, in conjunction with an external protection 
bridge^ will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified In Table 1. 


Longitudinal 

Surge 

Metallic Surge 


T/GND 

R/GND _ 

50/60HZ Current 
T/GND 
R/GND 


TEST 

CONDITION 

PERFORMANCE 

(MAX) 

UNITS 

10|is Rise/ 

±1000 (Plastic) 

VpEAK 

lOOOps Fall 

±500 (Ceramic) 

VpEAK 

10|is Rise/ 

±1000 (Plastic) 

VpEAK 

1000ns Fall 

±500 (Ceramic) 

VpEAK 

10ns Rise/ 

±1000 (Plastic) 

VPEAK 

1000ns Fall 

±500 (Ceramic) 

VpEAK 

11 Cycles 

700 (Plastic) 

Vrms 

Limited to 
lOArms 

350 (Ceramic) 

Vrms 
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HC-5S09B 


Applications Diagram 


SYSTEM CONTROLLER 


RS1 Csi 

‘SECONDARY 

PROTECTION 


Rb1 ^B2 


PRIMARY 

PROTECTION 


Vring = 

h50VpEAK(MAX) 


1 SHO GKD PRI RS TEST FI 

ALARM FO 

RD 



.MM 



PR 



TIP 


VRX<f 

TF1“ 


VFB 

TF2“ 

sue 

HC-5509B 

VTX 

RF2** 

RF1** 


-IN1 

RFS 


OUT1 

RING 



VB- BG 

C2 DG AG 

VB+ C1 


FROM PCM 
FILTER/CODER 


TO HYBIRD 

BALANCE 

NETWORK 


FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


TYPICAL COMPONENT VALUES 

C1 = 0.5^lF. 30V 

C2 = 0.5|iF-1.0nF ±10%, 20V (Should be nonpolarized) 

C3 = 0.01nF, 100V, ±20% 

C4 = 0.01 pF, 100V, ±20% 

C5 = 0.01 pF, 100V, ±20% 

Cac = 0.5^F, 20V 

KZq = eOkO, (Zq = 6000, k = Scaling Factor = 100) 

RL1, RL2; Current Limit Setting Resistors: 

RL1 + RL2 > 90kO -> offset 

Ilimit = (0-6) (RL1 + RL2)/(200 x RL2), RL1 typically lOOkO 
KRp = 20kO, RF = 2 (Rb2 + Rb 4 ). K = Scaling Factor = 100) 


RB^ = RB 2 = RB 3 = RB 4 = 500 (1% absolute, matching 
requirements covered in a Tech Brief) 

Rsi = Rs 2 = "^kO typically 

CSI = CS 2 = 0.1 |iF, 200 V typically, depending on Vpjng and 
line length. 

Zi = 150V to 200V transient protector. PTC used as ring 
generator ballast. 

* Secondary protection diode bridge recommended is 3A, 200V 
type. 

**TF1, TF2 and RF1, RF2 are on PLCC only and should be con¬ 
nected together as shown. 


1. All grounds (AG, BG, & DG) must be applied before Vb+ or Vg-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds oft a line card, the AG must be applied first. 

2. Application shows Ring Injected Ringing, a Balanced or Tip Injected configuration may be used. 

Additional information is contained in Appiication Note 549, The HC-550X Telephone SLICs’ By Geoff Phillips 
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SEMICONDUCTOR 


HC-S524 


March 1993 


sue 

Subscriber Line Interface Circuit 


Features 

• Dl Monolithic High Voltage Process 

• Compatible with Worldwide PBX and DLC Performance Requirements 

• Controlled Supply of Battery Feed Current With Programmable Current 
Umit 

• Operates with 5V Positive Supply (Vb+) 

• Internal Ring Relay Driver and a Utility Relay Driver 

• High Impedance Mode for Subscriber Loop 

• High Temperature Alarm Output 

• Low Power Consumption During Standby Functions 

• Switch Hook, Ground Key, and Ring Trip Detection 

• Selective Power Denial to Subscriber 

• Voice Path Active During Power Denial 

• On Chip Op-Amp for 2 Wire Impedance Matching 

Applications 

• Solid State Line Interlace Circuit for PBX or Digital Loop Carrier Systems 

• Hotei/Motel Switching Systems 

• Direct Inward Dialing (DID) Trunks 

• Voice Messaging PBX’s 

• 2W/4W,4Wy2W Hybrid 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HC1-5524-5 

0°C to +75°C 

28 Lead Ceramic DIP 

HC1-5524-9 

-40®C to +85°C 

28 Lead Ceramic DIP 

HC3-5524-5 

0°Cto+75°C 

28 Lead Plastic DIP 

HC3-5524-9 

-40°Cto+85°C 

28 Lead Plastic DIP 

HC4P5524-5 

0°Cto+75°C 

44 Lead PLCC 

HC4P5524-9 

-40°C to +850C 

44 Lead PLCC 

HC9P5524-5 

0°Cto+75°C 

28 Lead SOIC 

HC9P5524-9 

-40°C to +85®C 

28 Lead SOIC 


Description 

The HC-5524 telephone Subscriber Line interface Circuit 
integrates most of the BORSCHT functions on a monolithic 
iC. The device is manufactured in a Dielectric Isolation (Dl) 
process and is designed for use as a 24V interface between 
the traditional telephone subscriber pair (Tip and Ring) and 
the low voltage filtering and coding/decoding functions of the 
line card. Together with a secondary protection diode bridge, 
the device will withstand 500V induced surges, in plastic 
packages. The SLIC also maintains specified transmission 
performance in the presence of externally induced 
longitudinal currents. The BORSCHT functions that the SLIC 
provides are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op-Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20mA to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLIC device. 

The HC-5524 SLIC is ideally suited for line card designs in 
PBX and DLC systems, replacing traditional transformer solu¬ 
tions. 


Pinouts 

HC-5524 (PDIP, CDIP, SOIC) 
TOP VIEW 


28j BG 
27| VB- 
^ RF 

iHiF 

^ VFB 

^ r6 
^ DG 

21 ] Wi 

^ PRi 
lil VTX 
C2 

17 ] VRX 
ie] RFS 
15 ] RING 


TRUTH TABLE 

FO Action 

0 Normal Loop Feed 

1 ^ Active 

0 Power Down Latch 
RESET 

0 Power on RESET 

1 Loop Power 
Denial Active 


HC-5524 (PLCC) 
TOP VIEW 


S 5 4 3 2 ; 1 ;44 43 42 41 40 


SHDL 11 
OTC 12 


WCM16 

XOylQiT 


39y TF1 
38nTF2 


33 JPRI 
32 □ VTX 
31 □C2 
30 □WC 


18 19 20 21 22 23 24 25 26 27 28 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
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Specifications HC-5524 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Maximum Supply Voltages (Vb+) .-0.5V to +7V Operating Temperature Range 


(Vb+)-(Vb-).+40V 

Relay Drive Voltage.-0.5Vto+15V 


HC-5524-5.. 0°C ^ Ta ^ +75°C 

HC-5524-9.-40°C ^ ^ +85°C 


Junction Temperature.+175®C Storage Temperature Range.-65°C ^ T^ ^ +150°C 

Junction Temperature (Plastic Package).+150°C Relay Driver Voltage.+5V to +12V 

Lead Temperature (Soldering 10 Sec.).+300®C Positive Power Supply (Vb+).+5V ± 5% 

Negative Power Supply (Vb-) .-20V to -28V 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any od)er conditions above those indicated in the operations^ sections of this specification is not implied. 


Electrical Specifications Typical Parameters are at T^ = +25PC, Vb+ =+5V, Vb- = -24V, AG = DG = BG = 0V. Min-Max Parameters are Over 
oiperating Positive and Negative Battery Voltages and Over the Operating Temperature Range. AH Parameters are 
Specified at 600Q 2-Wlre Terminating Impedance, Unless Otherwise Specified. 


AC TRANSMISSION PARAMETERS 


RX Input Impedance 


TX Output Impedance 


4W Input Overload Level 


2W Return Loss 


2W Longitudinal to Metallic Balance Off Hook 


4W Longitudinal Balance Off Hook 


Low Frequency Longitudinal Balance 


Longitudinal Current Capability 



Frequency Response 


Level Linearity 

2W to 4W and 4W to 2W 


Absolute Delay 


Total Harmonic Distortion 
2W/4W, 4W/2W, 4W/4W 


CONDITIONS 


300H2 to 3.4kHz (Note 2) 


300H2 to 3.4kHz, 600Q Reference 


Matched for 600n (Note 2) 


Per ANSI/IEEE STD 455-1976 (Note 2), 
300Hz to 3400Hz 


Per ANSI/IEEE STD 455-1976 (Note 2), 
300Hz to 3400Hz (Note 2) 


R.E.A. Test Circuit 


une = 40mA, Ta = +25°C (Note 2) 


Iune = 40mA , Ta = +25®C (Note 2) 


-1.58dBm at 1kHz, Referenced 6000 


OdBm at 1kHz, Referenced 600Q 


-1.58dBm at 1kHz, Referenced 600Q 


300Hz to 3400Hz (Note 2), Referenced to Ab¬ 
solute Level at 1kHz, OdBm Referenced 600Q 


Referenced to -lOdBm (Note 2) 
+3 to -40dBm 


-40to-50dBm 


-50 to -55dBm 


300Hz to 3400Hz 


300Hz to 3400Hz 


300Hz to 3400Hz 


Reference Level OdBm at 600D, 300Hz to 
3400Hz (Note 2) 



00 



8-127 


TELECOM 
















































































































Specifications HC-5524 


Electrical Specifications Typical Parameleis are at =+25f’c, Vb+ = -tSV, Vb- = -24V, AG = DO = BQ = OV. Mn-Max Parameiets are Over 
Operating Positive and Negative Battery Voltages and Over the Operating Temperature Range. AH Parameters are 
Specified at 6000 2-Wire Terminating Impedance, Unless Otherwise SpeciTied. (Continued) 


PARAMETER 

CONDITIONS 

1 LIMITS 1 

UNITS 


TYP 

MAX 

AC TRANSMISSION PARAMETERS (Continued) 

Idle Channel Noise 

2Wand4W 

(Note 2) 

C-Message 

■ 

■ 

5 

dBrnC 

Psophometric 

- 

- 

-85 

dBmp 

3kHz Flat 

- 

- 

16 

dBm 

Open Loop Voltage (Vjip - Vrinq) 

Vb+ = +5V, Vb- = -24V 

- 

15.8 

- 

V 

Power Supply Rejection Ratio 

VB+to2W 

(Note 2) 

30Hz to 200Hz, Rl = 600Q 





20 

40 

- 

dB 

VB+to4W 

20 

40 

- 

dB 

VB-to2W 

20 

40 

- 

dB 

VB-to4W 

20 

50 

- 

dB 

VB+to2W 

200Hz to 16kHz, Rl=6000 

30 

40 

- 

dB 

VB+t0 4W 

20 

28 

- 

dB 

VB-to2W 

20 

50 

- 

dB 

VB-to4W 

20 

50 

- 

dB 

Ring Sync Pulse Width 


50 

- 

500 

ns 

DC PARAMETERS 


Loop Current Programming 
Limit Range 


Accuracy 


Loop Current During Power Denial 


Fault Currents 
TIP to Ground 


RING to Ground 


TIP and RING to Ground 


Switch Hook Detection Threshold 


Ground Key Detection Threshold 


Thermal ALM Output 


Ring Trip Detection Threshold 


Ring Trip Detection Period 


Dial Pulse Distortion 


Relay Driver Outputs 
On Voltage Vql 


Off Leakage Current 


TTL/CMOS Logic Inputs (FO, F1, RS, TST, PRI) 



loL (PR) = 60mA, loL (RD) = 30mA 


= 13.2V 

rzn 

±10 

±100 

\lA 



Logic ‘0’ V|L 
Logic T’ V|H 


2.0 


5.5 



























































































































Specifications HC-5524 


Electrical Specifications Typical Parameters are at Ta +25PC, Vb+=+5V, Vb- = -24V, AG = DG = BG = OV. MirvMax Parameters are Over 
Operating Positive and Negative Battery Voltages and Over the Operating Temperature Range. AH Parameters are 
Specified at 600Q 2-Wire Terminating impedance, Unless Otherwise Specified. (Continued) 


DC PARAMETERS (Continued) 


Input Current (FO, F1, RS, TST, PRI) 


Logic Outputs 
Logic ‘0’ VoL 


Logic *1’VoH 


Power Dissipation On Hook 


UNCOMMITED OP AMP PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Differential Input Resistance 


Output Voltage Swing 


Small Signal GBW 


CONDITIONS 



0V^V,n<5V 


Iload = 800(iA 


•load = 40pA 


Relay Drivers Off 


Vb+ = +5.25V, Vb- = -28V, Rlqop = 


Vb+ = +5.25V, Vb- = -28V, Rlqop = 


Vb+ = +5V, Vb- = -24V, Rlqqp = 600Q 


Vb+ = +5V, Vb- = -24V, Rlqop = 600Q 




1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be Impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec¬ 
ification compliance. 


Pin Descriptions 


DIP/ 

SOIC PLCC SYMBOL 


Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output and 
receive input terminals. 



VB+ I Positive Voltage Source - Most Positive Supply. 


Capacitor #C1 - An external capacitor to be connected between this terminal and analog ground. Re¬ 
quired for proper operation of the loop current limiting function. 


Function Address #1 - A TTL and CMOS compatible Input used with FO function address line to externally 
select logic functions. The three selectable functions are mutually exclusive. See Truth Table on front 
page. F1 should be toggled high after power is applied. 


Function Address #0 - A TTL and CMOS compatible input used with F1 function address line to externally 
select logic functions. The three selectable functions are mutually exclusive. See Truth Table on front 
page. 


Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a positive 
pulse (50 - 500ps) occurs on the zero crossing of the ring voltage source, as it appears at the RFS ter¬ 
minal. For Tip side injected systems, the RS pulse should occur on the negative going zero crossing and 
for Ring injected systems, on the positive going zero crossing. This ensures that the ring delay activates 
and deactivates when the instantaneous ring voltage is near zero. If synchronization is not required, the 
pin should be tied to +5. 


CO 
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HC-5524 


Pin Descriptions (Continued) 


DIP/ 

SOIC 

PLCC 

SYMBOL 

DESCRIPTION 

7 

11 

SHD 

Switch Hook Detection - An active low LS TTL compatible logic output. A iine supervisory output. 

8 

12 

GKD 

Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 

9 

13 

TST 

A TTL logic input. A low on this pin will set a latch and keep the SLIC in a power down mode until the 
proper FI, FO state is set and will keep ALM low. See Truth Table on front page. 

10 

17 

ALM 

A LS TTL compatible active low output which responds to the thermal detector circuit when a safe 
operating die temperature has been exceeded. When TST is forced low by an external control signal, 
ALM is latched low until the proper FI, FO state and TST input is brought high. The ALM can be tied 
directly to the TST pin to power down the part when a thermal fault is detected and then reset with FO, 
FI. See Truth Table on front page. It is possible to ignore transient thermal overload conditions in the 
SLiC by delaying the response to the TST pin from the ALM. Care must be exercised in attempting this 
as continued thermal overstress may reduce component life. 

11 

18 

ILMT 

Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a resistive 
voltage divider. 

12 

19 

OUT1 

The analog output of the spare operational amplifier. 

13 

20 

-INI 

The inverting analog input of the spare operational amplifier. 

14 

22 

TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a feed resistor 
and ring relay contact. Functions with the RING terminal to receive voice signals from the telephone and 
for loop monitoring purposes. 

15 

24 

RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a feed resis¬ 
tor. Functions with the TIP terminal to receive voice signals from the telephone and for loop monitoring 
purposes. 

16 

25 

RFS 

Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected ringing 
the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, the RF and RFS 
pins must be shorted. 

17 

27 

VRX 

Receive Input, Four Wire Side - A high impedance analog input. AC signals appearing at this input drive 
the Tip Feed and Ring Feed amplifiers differentially. 

18 

31 

C2 

Capacitor #2 - An external capacitor to be connected between this terminal and ground. It prevents false 
ring trip detection from occurring when longitudinal currents are induced onto the subscriber loop from 
power lines and other noise sources. This capacitor should be nonpolarized. 

19 

32 

VTX 

Transmit Output, Four Wire Side - A low impedance analog output which represents the differential volt¬ 
age across TIP and RING. Transhybrid balancing must be performed beyond this output to completely 
implement two to four wire conversion. This output is referenced to analog ground. Since the DC level of 
this output varies with loop current, capacitive coupling to the next stage is necessary. 

20 

33 

PRI 

A TTL compatible input used to control F^. PRI active High = PR active low. 

21 

34 


An active low open collector output. Can be used to drive a Polarity Reversal Relay. 

22 

35 

DG 

Digital Ground - To be connected to zero potential. Serves as a reference for all digital inputs and outputs 
on the SLIC. 

23 

36 


Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ringing signals 
onto the 2 wire iine. 

24 

37 

VFB 
(Note 2) 

Feedback input to the tip feed amplifier; may be used in conjunction with transmit output signal and the 
spare op-amp to accommodate 2W line impedance matching. (This is not used in the typical applications 
circuit). 

25 

38 

TF2 

Tip Feed - A low impedance analog output connected to the TIP terminal through a feed resistor. Func¬ 
tions with the RF terminal to provide loop current, and to feed voice signals to the telephone set and to 
sink longitudinal currents. Must be tied to TF1. 

NA 

39 

TF1 

Tie directly to TF2 in the PLCC application. 

26 

41 

RF1 

Ring Feed - A low impedance analog output connected to the RING terminal through a feed resistor. 
Functions with the TF terminal to provide loop current, feed voice signals to the telephone set, and to 
sink longitudinal currents. Tie directly to RF2. 
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HC-5524 



Pin Descriptions (continued) 



PLCC 

SYMBOL 

DESCRIPTION 

42 

RF2 

Tie directly to RF1 in the PLCC application. 

43 

VB- 

The battery voltage source. The most negative supply. 

44 

BG 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
into this ground terminal. 

1,5,6, 

7,14, 
15,16, 
21,23, 
26,28, 
29,30, 
40 

NC 

No Internal connection. 


1. All grounds (AG, BG, DG) must be applied before Vb+ or Vb-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 

2. Although not used in the typical applications circuit, VpB may be used in matching complex 2-Wire impedances. 
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HC-S524 



Die Characteristics 

Transistor Count.224 

Diode Count.28 

Die Dimensions. 174 x 120 mils 

Substrate Potential.Connected 

Process.Bipolar-DI 

Thermal Constants (°C/W) 9j/^ 0 jq 

Ceramic DIP. 48 12 

Plastic DIP. 51 21 

PLCC. 47 17 

SOIC. 72 22 


The sue will withstand longitudinal currents up to a maxi¬ 
mum or 40mArms, 20mArms per leg, without any perfor¬ 
mance degradation. 


PARAMETER 


Overvoitage Protection and Longitudinai 
Current Protection 

The sue device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified In Table 1. 


Longitudinal 

Surge 

Metallic Surge 


T/GND 

R/GND _ 

StVeOHz Current 
T/GND 
R/GND 


TEST 

CONDITION 

PERFORMANCE 

(MAX) 

UNITS 

10ns Rise/ 

±1000 (Plastic) 

VpEAK 

1000ns Fall 

±500 (Ceramic) 

VpEAK 

10ns Rise/ 

±1000 (Plastic) 

VpEAK 

1000ns Fall 

±500 (Ceramic) 

VpEAK 

10ns Rise/ 

±1000 (Plastic) 

VpEAK 

1000ns Fall 

±500 (Ceramic) 

VpEAK 

11 Cycles 

700 (Plastic) 

Vrms 

Limited to 
lOArms 

350 (Ceramic) 

Vrms 
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HC-5524 


Applications Diagram 



FROM PCM 
nLTERWODER 


TO HYBiRO 

BALANCE 

NETWORK 


FIGURE 1. TYPICAL UNE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


TYPICAL COMPONENT VALUES 

C1 = O.S^iF, 20V 

C2 = 0.5^F-1.0m,F ±10%. 20V (Should be nonpolarized) 

C3 = 0.01^lF,50V±20% 

C4 = 0.01|iF,50V±20% 

C5 = 0.01m,F,50V±20% 

Cac = O.S^F, 20V 

K(Zo - Rf/ 2) = SOkft (Zo = 6000, K = Scaling Factor = 100) 
RL1, RL2: Current Limit Setting Resistors 
RL1+RL2>90kO 

»UMIT = (-6) (RL1+RL2)/(200xRL2). RL1 typically lOOkO 
KRp = 20kQ, Rp = 2 (Rbi+Rb 2). K = Scaling Factor = 100) 


RBi = RB 2 = 500 (1% absolute, matching requirements cov> 
ered in a Tech Brief) 

Rsi = Rs 2 = 1kO typically 

CS1 = CS2 = 0.1 pF, 200V typically, depending on Vpipg and 
line length. 

Z^ = 150V to 200V transient protector. PTC used as ring 
generator ballast. 

* Secondary protection diode bridge recommended is 3A, 200V 
type. 

** TF1, TF2 and RF1, RF2 are on PLCC only and should be connect¬ 
ed together as shown. 


1. All grounds (AG, BG, & DG) must be applied before Vb-)- or Vg-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first 

2. Application shows Ring Injected Ringing, Balanced or Tip injected configuration may be used. 


Additional Information is contained in Application Note 549, The HC-550X Telephone SLICs” By Geoff Phillips 
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SEMICONDUCTOR 


HC-5560 



Features 

• Single 5V Supply.10mA TVp. 

• Mode Selectable Coding Including: 

- AMI (T1, TIC) 

- B8ZS(T1) 

- HDB3(PCM30) 

• North American and European Compatibility 

• Simultaneous Encoding and Decoding 

• Asynchronous Operation 

• Loop Back Control 

• Transmission Error Detection 

• Alarm Indication Signal 

• Replaces MJ1440, MJ1471 and TCM2201 Transcoders 

Applications 

• North American and European PCM Transmission 
Lines where Pseudo Ternary Line Code Substitution 
Schemes are Desired 

• Any Equipment that Interfaces T1, TIC, T2 or PCM30 
Lines Including Multiplexers, Channel Service Units, 
(CSUs) Echo Canceliors, Digital Cross-Connects 
(DSXs), T1 Compressors, etc. 


Description 

The HC-5560 digital line transcoder provides encoding and 
decoding of pseudo ternary line code substitution schemes. 
Unlike other industry standard transcoders, the HC-5560 
provides four worldwide compatible mode selectable code 
substitution schemes, including HDB3 (High Density Bipolar 
3), B6ZS, B8ZS (Bipolar with 6 or 8 Zero Substitution) and 
AMI (Alternate Mark Inversion). 

The HC-5560 is fabricated in CMOS and operates from a 
single 5V supply. All inputs and outputs are TTL compatible. 

Application Note #573, “The HC-5560 Digital Line 
Transcoder,” by D.J. Donovan is available. 


Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE 

0°C to +70°C 


PACKAGE 

20 Lead Plastic DIP 


Pinout 


Functional Diagram 


HC-5560 
(PDIP) 
TOP VIEW 


FORCE AIS Ll 
MODE SELECT 1 [2 
NRZ DATA IN [3 
CLK ENC [4 
MODE SELECT 2 [? 
NRZ DATA OUT |T 
CLK DEC [7 
RESET AIS [i 
AIS [9 

VssQo 


20|Vdd 

^ OUTPUT ENABLE 
RESET 
j3 OUT1 
^ OUT2 
IIBin 

T3 LOOP TEST ENABLE 
IIAin 
l3 CLOCK 
B| ERROR 


MODE 1 
SELECT 2 

NRZ DATA IN 
CLK ENC 

OUTPUf 

ENABLE 


LOOP TEST 
ENABLE 


Ajn 

Bin 

FO RCE AiS 

reset 

CLK DEC 



NRZ DATA 
OUT 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


File Number 2887.1 
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Specifications HC-5560 


Absolute Maximum Ratings Operating Conditions 

Voltage at Any Pin.GND -0.3V to Vqq + 0.3V Operating Temperature Range.0°C to +70°C 

Maximum Vqd Voltage.+7.0V Storage Temperature Range.-65°C to +150°C 

Junction Temperature.+175°C Operating Vdd.5V ± 5% 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications unless otherwise Specified, Typical parameters at +25^0, Min-Max parameters are over operat¬ 
ing temperature range. Vqd = +5V. 


PARAMETERS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

Quiescent Device Current 

bo 



100 

pA 

Operating Device Current 



10 


mA 

Out 1, Out 2 Low (Sink) Current 
(Vol = 0.4V) 

bn 

3.2 



mA 

All Other Outputs Low (Sink) Current 
(Vol = 0.8V) 

loL2 

2 



mA 

All Outputs High (Source) Current 
(Voh = 4.0V) 

•oh 

2 



mA 

Input Low Current 

•iL 



10 

pA 

Input High Current 

l|H 



10 

pA 

Input Low Voltage 

V,L 



0.8 

V 

Input High Voltage 

momiiii 

2.4 



V 

input Capacitance 

ClN 



8 

PF 


Dynamic Electrical Specifications unless otherwise specified, lyplcal parameters at +25^0, Min-Max parameters are over 

operating temperature range. Vdd = 


PARAMETERS 


CLK ENC, CLK DEC Input Frequency 


CLK ENC,CLK DEC Rise Time (1.544 MHz) 


SYMBOL FIGURE 


MAX UNITS 



Data Hold Time 


20 


ns 


























































































































Specifications HC-5560 


Dynamic Electrical Specifications unless otherwise Specified, Typical parameters at +25'’C, Min-Max parameters are over 

operating temperature range. Vqd = 5V. (Continued) 


PARAMETERS 


A|n, Bin to CLK DEC Data Setup Time 


Data Hold Time 


CLK ENCtoOut1,Out2 


Out 1, Out 2 Pulse Width (CLK ENC Duty Cycle = 50%) 
fcL = 1.544 MHz 


CL = 2.048 MHz 


fcL = 6.3212 MHz 


CL = 8.448 MHz 


CLK DEC to NRZ-Data Out 


Setup Time CLK DEC to Reset AIS 


Hold Time of Reset AIS = 0 


Setup Time Reset AIS = ‘1’ to CLK DEC 


Reset AIS to AIS output 


CLK DEC to Error output 


SYMBOL FIGURE 


2 


TYP 

MAX 

UNITS 




Pin Description 


PIN NUMBER 



DESCRIPTION 


Pin 19 must be at logic ‘0’ to enable this pin. A logic ‘1’ on this pin forces Out 1 and Out 2 to all 
ones. A logic ‘0* on this pin allows normal operation. 



FUNCTION 


Force AIS 


Mode Select 1, 
Mode Select 2 


NR2 Data In Input data to be encoded into ternary form. The data is clocked by the negative going edge of CLK 
ENC. 


Clock encoder, clock for encoding data at NRZ Data In. 


NRZ Data Out Decoded data from ternary Inputs Ajn and B)n. 


Clock decoder, clock for decoding ternary data on inputs A|n and Bin- 


Reset AIS, AIS Logic ‘0’ on Reset AIS resets a decoded zero counter and either resets AIS output to zero provided 

3 or more zeros have been decoded in the precedi ng Reset A IS period or sets AIS to *T if less than 
3 zeros have been decoded in the preceding t wo Reset A IS periods. A period of Reset AIS is de¬ 
fined from th e bit followi ng the bit during which Reset AIS makes a high to low transition to the bit 
during which Reset AIS makes the next high to low transition. 


Ground reference. 
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HC-5560 


Pin Description 


PIN NUMBER 

FUNCTION 

DESCRIPTION 

11 

Error 

A logic ‘1’ indicates that a violation of the line coding scheme has been decoded. 

12 

Clock 

“OR" function of A|n and Bin for clock regeneratton when pin 14 is at logic ‘O’, “OR" function of Out 

1 and Out 2 when pin 14 is at logic‘T. 

13,15 

AiNf Bin 

Inputs representing the received PCM signal. A|n = ‘1’ represents a positive going ‘1’ and B|n = ‘T 
represents a negative going ‘1’. A|n and B|n are sampled by the positive going edge of CLK DEC. 
A|n and B|n may be interchanged. 

14 

LTE 

Loop Test Enable, this pin selects between normal and loop back operation. A logic ‘0’ selects nor¬ 
mal operation where encode and decode are independent and asynchronous. A logic ‘1’ selects a 
loop back condition where Out 1 is internally connected to A|n and Out 2 Is internally connected to 
B|n. a decode clock must be supplied. 

16,17 

Out 1, Out 2 

Outputs representing the ternary encoded NRZ Data In signal for line transmission. Out 1 and Out 
2 are in return to zero form and are clocked out on the positive going edge of CLK ENC. The length 
of Out 1 and Out 2 Is set by the length of the positive clock pulse. 

18 

Reset 

A logic ‘0’ on this pin resets ail internal registers to zero. A logic ‘1’ allows normal operation of all 
internal registers. 

19 

Output Enable 

A logic ‘1’ on this pin forces outputs Out 1 and Out 2 to zero. A logic ‘0’ allows normal operation. 

20 

Vdd 

Power to chip. 



Functionai Description 

The HC-5560 TRANSCODER can be divided into six sec¬ 
tions: transmission (coding), reception (decoding), error 
detection, ail ones detection, testing functions, and output 
controls. 

The transmitter codes a non-return to zero (NRZ) binary uni¬ 
polar Input signal (NRZ Data In) Into two binary unipolar 
return to zero (RZ) output signals (Out 1, Out 2). These out¬ 
put signals represent the NRZ data stream modified accord¬ 
ing to the selected encoding scheme (i.a.AMI, B8ZS, B6ZS. 
HDB3) and are externally mixed together (usually via a tran¬ 
sistor or transformer network) to create a ternary bipolar sig¬ 
nal for driving transmission lines. 

The receiver accepts as its input the ternary data from the 
transmission line that has been externally split into two 
binary unipolar return to zero signals (A|fsi and Bin). These 
signals are decoded, according to the rules of the selected 
line code into one binary unipolar NRZ output signal (NRz 
Data Out). 

The encoder and decoder sections of the chip perform inde¬ 
pendently (excluding loopback condition) and may operate 
simultaneously. 

The Error output signal Is active high for one cycle of CLK 
DEC upon the detection of any bipolar violation in the 
received A|n and B|n signals that is not part of the selected 
line coding scheme. The bipolar violation is not removed, 
however, and shows up as a pulse In the NRZ Data Out sig¬ 
nal. In addition, the Error output signal monitors the received 
A|n and B|n signals for a string of zeros that violates the 


maximum consecutive zeros allowed for the selected line 
coding scheme (i.e., 15 for AMI, 8 for B8ZS, 6 for B6ZS, and 
4 for HDB3). In the event that an excessive amount of zeros 
is detected, the Error output signal will be active high for one 
cycle of CLK DEC during the zero that exceeds the maxi¬ 
mum number. In the case that a high level should simulta¬ 
neously appear on both received input signals A|n and B|n a 
logical one is assumed and appears on the NRZ Data Out 
stream with the Error output active. 

An input signal received at inputs A|n and B|n that consists 
of all ones (or marks) Is detected and signaled by a high 
level at the Alarm Indication Signal (AIS) output. This is also 
known as Blue Code. The AIS output is set to a high level 
when less than three zeros are received during one pe riod of 
Reset AIS Immediately followed by another period of Reset 
AIS containing less than three zeros. The AIS o utput is reset 
to a low level upon the first period of Reset AIS containing 3 
or more zeros. 

A logic high level on LTE enables a loopback condition 
where Out 11s internally connected to A|n and Out 2 is inter¬ 
nally connected to B|n (this disables inputs A|n and B|n to 
external signals). In this condition, NRZ Data In appears at 
NRZ Data Out (delayed by the amount of clock cycles It 
takes to encode and decode the selected line code). A 
decode clock must be supplied for this operation. 

The output controls are Output Enable and Force AIS. These 
pins allow normal operation, force Out 1 and Out 2 to zero, 
or force Out 1 and Out 2 to output ail ones (AIS condition). 
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HC-S560 


Die Characteristics 

Transistor Count.4322 

Die Dimensions.119 x 133 mils 

Substrate Potential.+V 

Process.SAJI CMOS 

Thermal Constants (°C/W) 0ja 0jc 

Plastic DIP. 67 25 


B8ZS is used commonly in North American T1 (1.544 MHz) 
and TIC (3.152 MHz) carriers. For every string of 8 zeros, 
bipolar code is substituted according to the following rules: 

1. If the Immediate preceding pulse is of (-) polarity, then 
code each group of 8 zeros as 000-+ O-f-. 

2. If the immediate preceding pulse is of (+) polarity then 
code each group of 8 zeros as 000+-0-+. 


Line Code Descriptions 

AMI, Alternate Mark Inversion, is used primarily In North 
American T1 (1.544 MHz) and TIC (3.152 MHz) carriers. 
Zeros are coded as the absence of a pulse and ones are 
coded alternately as positive or negative pulses. This type of 
coding reduces the average voltage level to zero to eliminate 
DC spectral components, thereby eliminating DC wander. To 
simplify timing recovery, logic 1’s are encoded with 50% duty 
cycle pulses. 

e.g. 

PCM CODE 000101 1101 000001 


To facilitate timing maintenance at regenerative repeaters 
along a transmission path, a minimum pulse density of logic 
1’s is required. Using AMI, there is a possibility of long 
strings of zeros and the required density may not always 
exist, leading to timing jitter and therefore higher error rates. 

A method for insuring minimum logic 1 density by substituting 
bipolar code in place of strings of O’s Is called BNZS or Bipolar 
with N Zero Substitution. B6ZS is used commonly In North 
American T2 (6.3212 MHz) carriers. For every string of 6 
zeros, bipolar code is substituted according to the following 
rule; 

If the Immediate preceding pulse is of (-) polarity, then 
code each group of 6 zeros as 0+- 0+-, and if the 
immediate preceding pulse Is of (+) polarity, code each 
group of 6 zeros as 0+- 0-+. 

One can see the consecutive logic 1 pulses of the same 
polarity violate the AMI coding scheme. 


PCM CODE 000101110000001 


101000000001 1 0 


000 - 4>0-»>- 

-Sr— 

000 + -0 - + 

U-'’—VuV— 

Vs VIOLATION 

The BNZS coding schemes, in addition to eliminating DC 
wander, minimize timing jitter and allow a line error monitor¬ 
ing capability. 

Another coding scheme is HDB3, high density bipolar 3, used 
primarily in Europe for 2.048 MHz and 8.448 MHz carriers. 
This code is similar to BNZS in that it substitutes bipolar code 
for 4 consecutive zeros according to the following rule: 

1. If the polarity of the immediate preceding pulse is (-) 
and there have been an odd (even) number of logic 1 
pulses since the last substitution, each group of 4 con¬ 
secutive zeros is coded as 000-(+00+). 

2. If the polarity of the immediate preceding pulse Is (+) 
then the substitution Is 000+(-00-) for odd (even) num¬ 
ber of logic 1 pulses since the last substitution. 


PCM CODE 00001 01 11 0000001 


000 - * 0 0 * 




0 + - 0 - 


^rAiHnAj 


V = VIOLATION 


V= VIOLATION 

The 3 in HDB3 refers to the coding format that precludes 
strings of zeros greater than 3. Note that violations are pro¬ 
duced only in the fourth bit location of the substitution code 
and that successive substitutions produce alternate polarity 
violations. 
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HC-5560 


Application Diagram 


FROM CODEC OR 
TRANSCODER 


ENCODER CLOCK 



T1,T2,T1C, 
PCM 30 
UNE OUTPUT 


MODE SELECT 
LOGIC INPUTS 


CLOCK RECOVERY 
ALARM CLOCK 1 


DECODER CLOCK 


ERROR 

MONITORS 


TO CODED OR TRANSCODER 

MSI MS 2 SELECTS 

0 0 AMI 

0 1 B8ZS 

1 0 B6ZS 

1 1 HDB3 
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HC-5560 


Timing Waveforms (Continued) 

CLK DEC 

AMI Ain 
Bin 

NRZ DATA OUT 

HDB3 A|n 
Bin 

NRZ DATA OUT 

B6ZS A||^ 

Bin 

NRZ DATA OUT 

B8ZS A|n 
Bin 

NRZ DATA OUT 


FIGURE?. DECODE TIMING AND DELAY 

Data that appears on Aj^ and is clocked by the positive edge of CLK DEC, decoded, and zeros are in¬ 
serted for all valid line code substitutions. The data then appears in non-return to zero to zero form at output 
NRZ Data Out. A||^ and are interchangeable. 


jirumruinjirirLnm^^ 



FIGURE 8. 

The ERROR signal indicates bipolar violations that are not part of a valid substitution. 
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HC-55536 


March 1993 

Features 

• All Digital 

• Requires Few External Parts 

• Low Power Drain: 1.5mW from Single 3V-6V Supply 

• Time Constants Determined by Clock Frequency; No 
Calibration or Drift Problems; Automatic Offset 
Adjustment 

• Filter Reset by Digital Control 

• Automatic Overload Recovery 

• Automatic “Quiet” Pattern Generation 

Applications 

• Voice Decoder for Digital Systems and Speech 
Syntheses 

• Voicemail 

• Audio Manipulations; Delay Lines, Echo Generation/ 
Suppression, Special Effects, etc. 

• Pagers/Sateliites 


Continuous Variable Slope 
Delta-Demodulator (CVSD) 


Description 

The HC-55536 is a CMOS integrated circuit used to convert 
serial NRZ digital data to an analog (voice) signal. Conver¬ 
sion is by delta demodulation, using the Continuously 
Variable Slope (CVSD) method of demodulation. 

While signals are compatible with other CVSD circuits, the 
internal design Is unique. The analog loop filters have been 
replaced by digital filters which use very low power and 
require no external timing components. This digital approach 
allows Inclusion of many desirable features, which otherwise 
would be difficult to implement. The device is usable from 
9Kbits/sec to above 64kbits/sec, and may be easily 
configured with the HC-55564 CVSD for a complete 
transmit/receive voice channel. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HC1-65536-5 

0®C to +75°C 

14 Lead Ceramic DIP 

HC1-55536-9 

-40°C to +85°C 

14 Lead Ceramic DIP 

HC3-55536-5 

0°C to +75°C 

14 Lead Plastic DIP 

HC3-65536-9 

-40°C to +85°C 

14 Lead Plastic DIP 


Pinout 

HC-55536 
(PDIP, CDIP) 
TOP VIEW 



Functional Diagram 



Aout clock Vdd digital gnd 

(3) (9) (1) (8) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. cjia Klumbpr 2888 1 

Copyright ©Harris Corporation 1993 « u i 
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Specifications HC-55536 


Absolute Maximum Ratings 

Voltage at Any Pin.GND -0.3V to VDD +0.3V 

Maximum Vqq Voltage.+7.0V 

Junction Temperature.+175®C 

Junction Temperature (Plastic Package).+150°C 

Lead Temperature (Soldering 10 Sec.).+300°C 


Operating Conditions 

Operating Temperature Range 

HC-55536-5 . 0°Cto+75°C 

HC-55536-9.-40°C to +85°C 

Storage Temperature Range.-65°C ^ T^ ^ +150°C 

Operating Vqd Range.+3.0V to +6.0V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the devbe. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vqq = + 5 .OV; Bit Rate > I 6 K Bits/sec; Typical Parameters are at +25°C. Min-Max parameters are over 
Operating Temperature, Unless Otherwise Specified. 


PARAMETERS 

SYMBOL 

LIMITS 

UNITS 

NOTES 

MIN 

TYP 

MAX 

Clock Sampling Rate 

CLK 

9 

16 

64 

Kbps 

1 

Clock Duty Cycle 

•do 

30 


70 

% 


Supply Current 

VoH 


0.3 

1.5 

mA 


Logic “1" Input 

V|H 

3.5 

4.5 


V 

2 

Logic “0" Input 

V|L 



1.5 

V 

2 

Audio Output Voltage 

Aqut 


0.5 

1.2 

|[|Q||9li 

3 

Audio Output Impedance 

Zqut 


150 


kn 

4 

Syllabic Filter Time Constant 

kp 


4.0 


ms 

5 

Signal Estimate Filter Time Constant 

tsE 


1.0 


ms 

5 

Step Size Ratio 

SSR 


24 


dB 

6 

Minimum Step Size 

MSS 


0.1 


%Vdd 

7 

Signai/Noise Ratio 

SNR 

25 



dB 

8 

Quieting Pattern Amplitude 

VQP 


10 


mVp.p 

9 

Clamping Threshold 

VAth 


0.75 


F.S. 

10 


NOTES: 

1. There is one NRZ data bit per clock period. Clock must be phased with digital data such that a positive clock transition occurs in the middle 
of each received data bit. Clock may be run at greater than 64kbps or less than 9kbps. 

2. Logic inputs are CMOS compatible at supply voltage and are diode protected. Digital data input is NRZ at clock rate and changes with 
negative clock transitions. 

3. This output includes a DC bias of Vqq/2; therefore, an AC coupling capacitor is required unless the output filter also includes this bias. 

4. Presents approximately 150kO in series with recovered audio voitage. Zero-signal reference is Vdd/2. 

5. Note that filter time constants are inversely proportional to clock rate. Both filters approximate single pole responses. 

6. Step size compression ratio of the syllabic filter is defined as the ratio of the filter output, with an equal 1 -0 bit density input to the filter, to 
its minimum output. 

7. The minimum audio output voltage that can be produced by the Internal DAC. 

8. Input signal encoded 1.2Vpi^s 250Hz sinusoid. 

9. The “quieting" pattern or idle-channel audio output steps at V 2 the bit rate, changing state on negative clock transitions. 

10. The recovered signal will be clamped, and the computation will be Inhibited, when the recovered signal reaches three-quarters of full- 
scale value, and will unclamp when it falls below this value (positive or negative). 
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Specifications HC-55536 


Pin Description 


PIN 

NUMBER 

SYMBOL 

DESCRIPTION 

1 

Vdd 

Positive supply voltage. 

2 

NC 

No internal connection is made to this pin. 

3 

Audio Out 

Recovered audio out. Presents approximately 150kO source with DC offset of Vdo/ 2. Should be ex¬ 
ternally AC coupled. 

■QQQI 

NC 

No internal connection is made to these pins. 

8 

Digital GND 

Logic Ground. 

9 

Clock 

Sampling rote clock must be synchronized with the digital input data such that the data is valid at the 
positive clock transition. 

10,11 

NC 

No internal connection is made to these pins. 

12 

Digital In 

input for the received serial NRZ digital data. 

13 

FZ 

Active low logic input. Activating this input resets the internal logic and forces the recovered audio 
output into the “quieting" condition. 

14 

NC 

No internal connection is made to this pin. 


NOTE: No active input should be left In a “floating condition". 


Die Characteristic 

Transistor Count.1790 

Die Dimensions. 147 x 82 mils 

Substrate Potential. +Vdq 

Process.BiMOSE 

Thermal Constants (°C/W) Oja 0jc 

Ceramic DIP. 70 20 

Plastic DIP. 85 

Figure 1 illustrates the frequency response of the HC-55536 
for varying Input levels. To prevent slope overload (slew rate 
limiting) do not exceed the OdB boundary. The frequency 
response is directly proportional to the sampling rate. The 
output levels were measured after filtering. 


OdB 

1 

OdB IN 



0dBIN.1.2VRMS 
Vnn * +5V 

-6dB 

-6dB IN 



-12dB 

-12dB IN 


-18dB 

-18dB IN 




-24dB 

-24dB IN 




-30dB 

-30dB IN 





-36dB 

-36dB IN 













100 


200 300 

FREQUENCY (Hz) x 


500 800 1000 

SAMPUNG RATE (kb/s) 
16kb/s 


2000 3000 


FIGURE 1. TRANSFER FUNCTION FOR CVSD AT 16kbps 


Timing Waveforms 


CVSD TIMING DIAGRAM 



tos: DATA SET UP TIME 100ns TYPICAL 
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Continuously Variable 
Slope Delta-Modulator (CVSD) 


Features 

• All Digital 

• Requires Few External Parts 

• Low Power Drain: 1.5mW Typical From Single 3V - 
€V Supply 

• Time Constants Determined by Clock Frequency; 
No Calibration or Drift Problems: Automatic Offset 
Adjustnient 

• Half Duplex dparation Under Digital Control 

• Filter Reset Under Digital Control 

• Automatic Overload Recovery 

• Automatic “Quiet” Pattern Generation 

• AGC Control Signal Available 

Applications 

• Voice Transmission Over Data Channels (Modems) 

• Voice/Data Multiplexing (Pair Gain) 

• Voice Encryption/Scrambling 

• Voicemail 

^ Audio Manipulations: Delay Lines, Time Compres¬ 
sion, Echo Generation/Suppression, Special 
Effects, etc. 

• Pagers/Satellites 

• Data Acquidtion Systems 

• Voice I/O for Digital Systems and Speech Synthesis 
Requiring Small Size, Low Weight, and Ease of 
Reprogrammability 


Pinouts 


HC-55564 
(PDIP, CDIP) 
TOP VIEW 


VdoLL 
ANALOG QND [7 
AoutE 
agU[7 

A|N E 

Nc [e 
NcCl 


I4j DIG OUT 

iilFz 

fi] DIG IN 

i^EN^EC 
9] CLOCK 
11 DIG GND 


Description 

The HC-55564 is a half duplex modulator/demodulator CMOS 
intergrated circuit used to convert voice signals into serial NRZ 
digital data and to reconvert that data Into voice. The conver¬ 
sion is by delta-modulation, using the Continuously Variable 
Slope (CVSD) method of modulation/demodulation. 

While the signals are compatible with other CVSD circuits, the 
internal design is unique. The analog loop filters have been 
replaced by very low power digital filters which require no exter¬ 
nal timing components. This approach allows Inclusion of many 
desirable features which would be difficult to implement using 
other approaches. 

The fundamental advantages of delta-modulation, along with its 
simplicity and serial data format, provide an efficient (low data 
rate/low memory requirements) method for voice digitization. 

The HC-55564 is usable from 9k bits/sec to above 64kbps. See 
the Harris Military databook for a Mil-Std-883C compliant 
CVSD. Application Notes 607 and 576 are available. 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

package 

HC1-55564-2 

-55°C to +125°C 

14 Lead Ceramic DIP 

HC1-55564-5 

0°C to +75°C 

14 Lead Ceramic DIP 

HC1-55564-9 

-40°Cto+85®C 

14 Lead Ceramic DIP 

HC3-55564-5 

0®Cto+75°C 

14 Lead Plastic DIP 

HC3-55564-9 

-40°Cto+85°C 

14 Lead Plastic DIP 

HC9-55564.5 

(fC to +75°C 

16 Lead Wide Body SOIC 

HC9-55564-9 

-40°C to +85°C 

16 Lead Wide Body SOIC 


HC-55564 
(300 mil SOIC) 
TOP VIEW 


VdoLI 
ANALOG GND [7 
Aqut E 
}5gc[T 

AIN [? 

nc[7 
NC [7 

ncE 


DIG OUT 

iHfz 
iHdig in 
13| aPt 
iUenotec 
13 clock 

1o| DIG GND 

IInc 



CAUTION: These devices are sensitive to electrostatic discharge. Users shouid follow proper l.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 oha’t 
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Specifications HC-55564 


Absolute Maximum Ratings 


Voltage at Any Pin.GND -0.3V to Vqd +0-3V 

Maximum Vqq Voltage.+7.0V 

Junction Temperature.+175°C 

Junction Temperature (Plastic Package).+150®C 

Lead Temperature (Soldering 10 Sec.).+300°C 


Operating Conditions 

Operating Temperature Range 


HC-55564-5, -7 . 0°C to +76°C 

HC-55564-9.-40°C to +85°C 

HC-55564-2.-55°C to +125°C 

Storage Temperature Range.-65®C to +150°C 

Operating Vqd .+3.0V to +6.0V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. Thb is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Unless otherwise Specified, typical parameters are at +25°C, Min-Max are over operating temperature 
ranges. Vqq = +5.0V, Sampling Rate = 16Kbps, AG = DG = OV, A|n = 1.2Vrms. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

CONDITIONS 

CLK 

Sampling Rate 

9 

16 

64 

kbps 

Note 1 

bo 

Supply Current 

- 

0.3 

1.5 

mA 


V,H 

Logic‘T input 

3.5 

- 

- 

V 

Note 2 

V,L 

Logic ‘0’ Input 

- 

- 

1.5 

V 

Note 2 

VoH 

Logic ‘1’ Output 

4.0 

- 

- 

V 

Note 3 

mm 

Logic ‘0’ Output 

- 

- 

0.4 

V 

Note 3 

Ciock Duty Cycle 

30 

- 

70 

% 


Ain 

Audio Input Voltage 

- 

0.5 

1.2 


AC Coupled. Note 4 

AquT 

Audio Output Voltage 

- 

0.5 

1.2 

IEE59I 

AC Coupled. Note 5 

Z|N 

Audio input Impedance 

- 

280 

- 

kQ 

Note 6 

ZquT 

Audio Output Impedance 

- 

150 

- 

kQ 

Note 6 

> 

6 

Transfer Gain 

-2.0 

- 

+2.0 

dB 

No Load, Audio In to Audio Out. 

tsF 

Syllabic RIter Time Constant 

- 

4.0 

- 

ms 

Note 7 

bE 

Signal Estimate FiiterTime 
Constant 

1.0 

- 

- 

ms 

Note 7 

RES 

Resolution 

- 

6 

- 

mVp 

A|n at 100Hz. Note 8 

MSS 

Minimum Step Size 

- 

0.1 

- 

%Vdd 

Note 9 

Vqp 

Quieting Pattern Ampiitude 

- 

10 

- 

mVp.p 

FZ = OV or A^ = OV. Note 10 

Vath 

AGC Threshold 

- 

0.1 

- 

F.S. 

Note 11 

■ESB 

Clamping Threshold 

- 

0.75 

- 

F.S. 

Note 12 


NOTES: 

1. There is one NRZ (Non-Return Zero) data bit per clock period. Data is clocked out on the negative clock edge. Data is clocked into the 
CVSD on the positive going edge (see Figure 2). Clock may be run at less than 9kbps and greater than 64kbps. 

2. Logic inputs are CMOS compatible at supply voltage and are diode protected. Digital data input is NRZ at clock rate. 

3. Logic outputs are CMOS compatible at supply voltage and will withstand short-circuits to Vqd or ground. Digital data output is NRZ and 
changes with negative clock transitions. Each output will drive one LS TTL load. 

4. Recommended voice input range for best voice performance. Should be externally AC coupled. 

5. May be used for side-tone in encode mode. Should be externally AC coupled. Varies with audio input level by ±2dB. 

6. Presents series impedance with audio signal. Zero signal reference is approximately V^q/Z. 

7. Note that filter time constants are inversely proportional to clock rate. Both filters approximate single pole responses. 

8. The minimum audio input voltage above which encoding takes place. 

9. The minimum audio output voltage change that can be produced by the internal DAC. 

10. Settled value, the "quieting” pattern or idle-channel audio output steps at one-half the bit rate, changing state on negative clock transitions. 

11. A logic ”0” will appear at the AGC output pin when the recovered signal reaches one-half of full-scale value (positive or negative), i.e. at 
VDD/2±25%OfVDD. 

12. The recovered signal will be clamped, and the computation will be inhibited, when the recovered signal reaches three-quarters of full- 
scale value, and will unclamp when it falls below this value (positive or negative). 












































































































Specifications HC-55564 


Pin Description 


PIN NUMBER 
14 LEAD DIP 



Digital Out 


Positive Supply Voltage. Voltage range is +3.0V to +6.0V. 


Analog Ground connection to D/A ladders and comparator. 


Audio Out recovered from 10 bit DAC. May be used as side tone at the transmitter. Presents 
approximately 150 kilohm source with D.C. offset of Vo[)/2. Within ±2dB of Audio input. Should be 
externally AC coupled. 


Automatic Gain Control output. A logic low level will appear at this output when the recovered 
signal excursion reaches one>haif of full scale value, in each half cycle full scale is Vqo/ 2. The 
mark-space ratio is proportional to the average signal level. 


Audio Input to comparator. Should be externally AC coupled. Presents approximately 280kQ In 
series with Vod/2 . 


No internal connection is made to these pins. 


Logic ground. OV reference for ail logic Inputs and outputs. 


Sampling rate clock. In the decode mode, must be synchronized with the digital input data such 
that the data is valid at the positive clock transition. In the encode mode, the digital data is clocked 
out on the negative going clock transition. The clock rate equals the data rate. 


A single CVSD can provide half-duplex operation. The encode or decode function is selected by the 
logic level applied to this input. A low level selects the encode mode, a high level the decode mode. 


Alternate Plain Text input. Activating this input caused a digital quieting pattern to be transmitted, how¬ 
ever; internally the CVSD is still functional and a signal is still available at the Aqut Active low. 


Input for the received digital NRZ data. 


Force Zero input. Activating this input resets the internal logic and forces the digital output and the 
recovered audio output into the “quieting” condition. An alternating 1-0 pattern appears at the 
digital output at 1/2 the clock rate. When this is decoded by a receive CVSD, a 10mVp.p inaudible 
signal appears at audio output. Active low. 


Output for transmitted digital NRZ data. 


1. No active input should be left in a “floating condition.” 


Functional Diagram (dip pin numbers shown) 


( 1 ) ( 12 ) 
Vdd I 



_^(11)(13)FORCi 

APT f t ZeTO 


Die Characteristics 

Transistor Count.1897 

(®) DIGITAL Die Dimensions.147 x 82 

T GNO Substrate Potential. +Vdd 

Process.BiMOSE 

-► DIGITAL Thermal Constants (°C/W) Oj^ Ojc 



COMPARATOR 


3 BIT 
SHIFT 
REGISTER 


Ceramic DIP., 

Plastic DIP. 

SOIC. 
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HC-55564 



Interface Circuit for HC-55564 CVSD (dip pin numbers shown) 

AUDIO SOURCE 



CVSD Hookup for Evaluation 

The circuit in Figure 3 is sufficient to evaluate the voice qual¬ 
ity of the CVSD, since when encoding, the feedback signal at 
the audio output pin is the reconstructed audio input signal, 
CVSD design considerations are as follows: 

1. Care should be taken in layout to maintain isolation 
between analog and digital signal paths for proper noise 
consideration. 

2. Power supply decoupling is necessary as clpse to the 
device as possible. A 0.1 pf should be sufficient. 

3. Ground, then power, must be present before any input sig^ 
nals are applied to the CVSD. Failure to observe this may 
cause a latchup condition which may be destructive. 
Latchup may be removed by cycling the power bff/on. A 
power-up reset circuit may be used that strobes Force 
Zero (Pin 13) during powdr^up as follows: 

4. Analog (signal) ground (Pin 2> should be externally tied to 
Digital GND (Pin 8) and power supply ground. It is recom¬ 
mended that the A|n and Aoyj ground returns connect 
only to Pin 2. 


5. Digital inputs and outputs are compatible with standard 
CMOS logic using the same supply voltage. All unused 
logic Inputs must be tied to the appropriate logic level for 
desired operation. It Is recommended that unused Inputs 
tied high be done so through a pull-up resistor (1K -10kD). 
TTL outputs will require IkQ puH-up resistors. Pins 4 and 
14 will each drive CMOS logic or one low power TTL input. 

6. Since the Audio Out pins are internally DC biased to Vyo^, 
AC coupling is required. In general, a value of 0.1 pf is suffi- 
ciOnt for AQ coupling of the CVSD audio pins to a filter circuit. 

7. the AGC output may be externally integrated to drive an 
AGG pre-amp, or It could drive an LED indicator through a 
buffer to indicate proper speaking volume. 












HC-55564 


Figures 4, 5, and 6 illustrate the typical frequency clock rate. The flat bandwidth at OdB doubles for every 

response of the HC-55564 for varying input levels and for doubling in sampling rate. The output levels were mea- 

varying sampling rates. To prevent slope overload (slew sured in the encode mode, without filtering, from A|n to 

limiting), the OdB boundary should not be exceeded. The Aqut- Vqd = +5V. 

frequency response is directly proportional to the sampling OdB = 1 .2 Vrms- 



100 1000 10000 

INPUT FREQUENCY AT A|n (Hz) 


FIGURE 4. 16kbps 



100 1000 10000 

INPUT FREQUENCY AT A^ (Hz) 


FIGURES. 32kbps 



100 1000 10000 


INPUT FREQUENCY AT A|n (Hz) 

FIGURES. 64kbps 
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HC-55564 


The following typical performance distortion graphs were and 3rd harmonic distortion, an HP-3582A spectrum 
realized with the test configuration of Figure 7. The analyzer. All measurement conditions were at VpQ = +5V, 
measurement vehicle for Total Harmonic Distortion (THD) and 2nd and 3rd harmonic distortion measurements were C- 
was an HP-339A distortion measurement set, and for 2nd message filtered. OdB = 1.2Vrms- 



0.33uf 

HC-55564 

0.33mI 

RJNCT. 

— 

A|N Aqut 


GEN. 





1 

V dec/ 

10 


11 

''do eNC 



( Jll 

^ DGND 

f2 

8 ^ ^ 

2 



AGND 



HP3582A 
SPECTRUM 
ANALYZER 
OR HP330A 
DISTORTION 
ANALYZER 


+5V ♦lOp V 

FIGURE 7. TEST AND MEASUREMENT CIRCUIT 



INPUT SIGNAL LEVEL (dB) 

FIGURE 8. CYSD SIGNAL LEVEL vs TOTAL HARMONIC 
DISTORTION 


CVSD INPUT LEVEL vs 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 


INPUT 

I FREQUENCY 1kHz 


16kHz CLOCK 


-17 -11 -3.8 

INPUT SIGNAL LEVEL (dB) 

(A) 


CVSD SIGNAL TO 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 



1000 2000 
INPUT FREQUENCY (Hz) 
(A) 


CVSD INPUT LEVEL vs 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 


INPUT 

FREQUENCY 1kHz 



-17 -11 -3.8 

INPUT SIGNAL LEVEL (dB) 

(B) 


CVSD SIGNAL TO 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 



1000 2000 3000 

INPUT FREQUENCY (Hz) 

(B) 


CVSD INPUT LEVEL vs 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 


64kHz CLOCK 


INPUT 

FREQUENCY 1kHz 








-24 -17 -11 -3.8 -1^. 

INPUT SIGNAL LEVEL (dB) 

(C) 

FIGURE 9A,B,C. CVSD INPUT LEVEL vs 2ND AND 3RD 
HARMONIC DISTORTION 


CVSD SIGNAL TO 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 



0 1000 2000 3000 4000 

INPUT FREQUENCY (Hz) 

(C) 

FIGURE 10A,B,C. CVSD INPUT FREQUENCYvs 2ND AND 3RD 
HARMONIC DISTORTION 
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Introduction 

Success in the Integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing Improve¬ 
ment and evolution, with perfection as the constant goal. 

Harris Semiconductor’s commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person In our work force - from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market¬ 
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of value in 
integrated circuits. 

Quality in Integrated circuits cannot be added on or consid¬ 
ered after the fact. It begins with the development of capable 
process technology and product design. It continues in man¬ 
ufacturing, through effective controls at each process or 
step. It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 

The Role of The Quality Organization 

The emphasis on building quality into the design and manu¬ 
facturing processes of a product has resulted in a significant 
refocus of the role of the Quality organization. In addition to 
facilitating the development of SPC and DOX, Quality profes¬ 
sionals support other continuous improvement tools such as 
control charts, measurement of equipment capability, stan¬ 
dardization of inspection equipment and processes, proce¬ 
dures for chemical controls, analysis of inspection data and 
feedback to the manufacturing areas, coordination of efforts 
for process and product improvement, optimization of envi¬ 
ronmental or raw materials quality, and the development of 
quality improvement programs with vendors. 

At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization’s role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, consult¬ 
ing, and managing Quality Improvement projects. 

To support specific market requirements, or to ensure con¬ 
formance to military or customer specifications, the Quality 
organization still performs many of the conventional quality 
functions (e.g., group testing for military products or wafer lot 
acceptance). But, true to the philosophy that quality is every¬ 
one’s job, much of the traditional on-line measurement and 
control of quality characteristics is where it belongs - with 
the people who make the product. The Quality organization 
is there to provide leadership and assistance in the deploy¬ 
ment of quality techniques, and to monitor progress. 


The Improvement Process 


t 


IMPACT ON 
PRODUCT 
QUALITY 


STAGE I 


PRODUCT 

SCREENING 


STAGE II 


PROCESS 

CONTROL 


PROCESS 

OPTIMIZATIONi 


STAGE IV 


PRODUCT 
I OPTIMIZATIONi 


SOPHISTICATION OF 
QUAUTY TECHNOLOGY 

FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 

Harris Semiconductor’s quality methodology is evolving 
through the stages shown in Figure 1. In 1981 we embarked 
on a program to move beyond Stage I, and we are currently 
in the transition from Stage III to Stage IV, as more and more 
of our people become involved In quality activities. The tradi¬ 
tional “quality” tasks of screening, inspection, and testing are 
being replaced by more effective and efficient methods, put¬ 
ting new tools into the hands of ail employees. Table 1 illus¬ 
trates how our quality systems are changing to meet today’s 
needs. 

Designing for Manufacturability 

Assuring quality and reliability in integrated circuits begins 
with good product and process design. This has always 
been a strength in Harris Semiconductor’s quality approach. 
We have a very long lineage of high reliability, high perfor¬ 
mance products that have resulted from our commitment to 
design excellence. All Harris products are designed to meet 
the stringent quality and reliability requirements of the most 
demanding end equipment applications, from military and 
space to industrial and telecommunications. The application 
of new tools and methods has allowed us to continuously 
upgrade the design process. 

Each new design Is evaluated throughout the development 
cycle to validate the capability of the new product to meet the 
end market performance, quality, and reliability objectives. 
The validation process has four major components: 

1. Design simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment. 
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TABLE 1. TYPICAL ON-LINE MANUFACTURINC/OUALITY FUNCTIONS 


AREA 

FUNCTION 

MANUFACTURING 

CONTROLS 

Wafer Fab 

• JAN Seif-Audit 



• Environmental 



- Room/Hood Particulates 

X 


- Temperature/Humidity 

X 


- Water Quality 



• Product 



- Junction Depth 

X 


- Sheet Resistivities 

X 


- Defect Density 

X 


• Critical Dimensions 

X 


• Visual Inspection 

X 


- Lot Acceptance 

X 


• Process 



- Film Thickness 

X 


- Implant Dosages 

X 


- Capacitance Voltage Changes 

X 


- Conformance to Specification 

X 


• Equipment 



- Repeatability 

X 


- Profiles 

X 


- Calibration 



- Preventive Maintenance 

X 

Assembly 

• JAN Self-Audit 



• Environmental 



- Room/Hood Particulates 

X 


- Temperature/Humidity 

X 


- Water Quality 



• Product 



- Documentation Check 



- Dice Inspection 

X 


- Wire Bond Pull Strength/Controls 

X 


- Ball Bond Shear/Controls 



- Die Shear Controls 



- Post-BoncVPre-Seal Visual 

X 


- Fine/Gross Leak 

X 


- FIND Test 

X 


- Lead Finish Visuals, Thickness 

X 


- Soiderability 



• Process 



- Operator Quality Performance 

X 


• Saw Controls 

X 


- Die Attach Temperatures 

X 


- Seal Parameters 

X 


- Seal Temperature Profile 

X 


- Sta-Bake Profile 

X 


- Temp Cycle Chamber Temperature 

X 


- ESD Protection 

X 


- Plating Bath Controls 

X 


- Mold Parameters 

X 
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TABLE 1. TYPICAL ON-UNE MANUFACTURING/QUALITY FUNCTIONS (Continued) 



QC\ Inspection 


FUNCTION 


JAN Self-Audit 
Temperature/Humidity 
ESD Controls 

Temperature Test Calibration 
Test System Calibration 
Test Procedures 
Control Unit Compliance 
Lot Acceptance Conformance 
Group A Lot Acceptance 


JAN Self-Audit 
Wafer Repeat Correlation 
Visual Requirements 
Documentation 
Process Performance 


JAN Self-Audit 
Functionality Board Check 
Oven Temperature Controls 
Procedural Conformance 


JAN Self-Audit 
ESD Controls 
Brand Permanency 
Temperature/Humidity 
Procedural Conformance 


JAN Seif-Audit 
Group B Conformance 
Group C and D Conformance 


MANUFACTURING 

CONTROLS 


QA/QC MONITOR 
AUDIT 



Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 

TABLE 2. HARRIS I.C. DESIGN TOOLS 

I I PRODUCTS I 


DESIGN STEP 

ANALOG 

DIGIT 

Functional 

Simulation 

Cds Spice 

Cds Spice 
Verilog 

Parametric 

Simulation 

Cds Spice 

Monte Carlo 

Cds Spice 

Schematic Capture 

Cadence 

Cadence 

Functional Checking 

Cadence 

Cadence 

Rules Checking 

Cadence 

Cadence 

Parasitic Extraction 

Cadence 

Cadence 


Special Testing 

Harris Semiconductor offers several standard screen flows to 
support a customer’s need for additional testing and reliability 
assurance. These flows include environmental stress testing, 
burn-in, and electrical testing at temperatures other than 
+25°C. The flows shown on pages 9-6 and 9-7 Indicate the 
Harris standard processing flows for a Commercial Linear part 
in PDIP Package. In addition, Harris can supply products 
tested to customer specifications both for electrical require¬ 
ments and for nonstandard environmental stress screening. 
Consult your field sales representative for details. 
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Harris Semiconductor Standard Processing Flows 


COMMERCIAL 



9-6 











Harris Semiconductor Standard Processing F/oiv (Continued) 
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TABLE 3. SUMMARIZING CONTROL APPUCATIONS 


• Diffusion 

- Junction Depth 

- Sheet Resistivities 

- Oxide Thickness 

- implant Dose Caiibratton 

- Uniformity 

• Thin Rim • 

- Rim Thickness 

- Uniformity 

- Refractive Index 

- Film Composition 

Photo Resist • Measurement Equipment 

- Critical Dimension - Critical Dimension 

- Resist Thickness - Film Thickness 

- Etch Rates - 4 Point Probe 

- Ellipsometer 

ASSEMBLY | 

• Pre-Seal 

• Post-Seal • 

Measurement 

- Die Prep Visuals 

- internal Package Moisture 

- XRF 

- Yields 

- Tin Plate Thickness 

- Radiation Counter 

- Die Attach Heater Block 

- PIND Defect Rate 

- Thermocouples 

- Die Shear 

- Solder Thickness 

- GM-Force Measurement 

- Wire Pull 

- Leak Tests 


- Ball Bond Shear 

- Module Rm. Solder Pot Temp. 


- Saw Blade Wear 

- Seal 


- Pre-Cap Visuals 

- Temperature Cycle 


TEST 


- Handlers/Test System 

- Monitor Failures 


- Defect Pareto Charts 

- Lead Strengthening Quality 


- Lot % Defective 

- After Burn-In PDA 


- ESD Failures per Month 


OTHER I 

• IQC 

• Environment • 

IQC Measurement/Analysis 

- Vendor Performance 

- Water Quality 

- XRF 

- Material Criteria 

- Clean Room Control 

- ADE 

- Quality Leveis 

- Temperature 

- 4 Point Probe 


- Humidity 

- Chemical Analysis Equipment 


Controlling and Improving the 
Manufacturing Process - SPC/DOX 

Statistical prcx^ess control (SPC) is the basis for quality control 
and improvement at Harris Semiconductor. Harris manufac¬ 
turing people use control charts to determine the normal vari¬ 
abilities in processes, materials, and products. Critical 
process variables and performance characteristics are mea¬ 
sured and control limits are plotted on the control charts. 
Appropriate action is taken if the charts show that an opera¬ 
tion is outside the process control limits or indicates a nonran¬ 
dom pattern inside the limits. These same control charts are 
powerful tools for use in reducing variations in processing, 
materials, and products. Table 3 lists some typical manufac¬ 
turing applications of control charts at Harris Semiconductor. 
SPC is important, but still considered only part of the solution. 
Processes which operate in statistical control are not always 
capable of meeting engineering requirements. The conven¬ 
tional way of dealing with this in the semiconductor industry 
has been to Implement 100% screening or inspection steps to 
remove defects, but these techniques are insufficient to meet 
today’s demands for the highest reliability and perfect quality 
performance. 

Harris still uses screening and inspection to "grade” products 
and to satisfy specific customer requirements for burn-in, mul¬ 
tiple temperature test insertions, environmental screening, 
and visual inspection as value-added testing options. How¬ 
ever, inspection and screening are limited in their ability to 


reduce product defects to the levels expected by today’s buy¬ 
ers. In addition, screening and inspection have an associated 
expense, which raises product cost. (See Table 4). 

TABLE 4. APPROACH AND IMPACT OF STATISTICAL 
QUALITY TECHNOLOGY 


STAGE 

APPROACH 

IMPACT 

Product 

Screening 

• Stress and Test 

• Defective Prediction 

• Limited Quality 

• Costly 

• After-The-Fact 

Process 

Control 

» Statistical Process 
Control 

• Just-In-Time 
Manufacturing 

• Identifies Variability 

• Reduces Costs 

• Real Time 

Process 

Optimization 

• Design of Experi¬ 
ments 

• Process Simulation 

• Minimizes Variability 

• Before-The-Fact 

Product 

Optimization 

• Design for Produc- 
ibility 

• Product Simulation 

• Insensitive to Vari¬ 
ability 

• Designed-in Quality 

• Optimal Results 
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Harris engineers are, instead, using Design of Experiments 
(DOX), a scientifically disciplined mechanism for evaluating 
and implementing improvements in product processes, 
materials, equipment, and facilities. These improvements 
are aimed at reducing the number of defects by studying the 
key variables controlling the process, and optimizing the 
procedures or design to yield the best result. This approach 
is a more time-consuming method of achieving quality per¬ 
fection, but a better product results from the efforts, and the 
basic causes of product nonconformance can be eliminated. 
SPC, DOX, and design for manufacturability, coupled with 
our 100% test flows, combine in a product assurance 
program that delivers the quality and reliability performance 
demanded for today and for the future. 

Average Outgoing Quality (AOQ) 

Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from 
each lot and is measured in parts per million (PPM). The 
current procedures and sampling plans outlined in MIL-STD- 
883 and MIL-M-38510 are used by our quality inspectors. 

The focus on this quality parameter has resulted in a contin¬ 
uous improvement to less than 100 PPM, and the goal is to 
continue improvement toward 0 PPM. 

Training 

The basis of a successful transition from conventional quality 
programs to more effective, total involvement is training. 
Extensive training of personnel involved in product manufac¬ 
turing began in 1984 at Harris, with a comprehensive devel¬ 


opment program in statistical methods. Using the resources 
of Harris statisticians, private consultants, and internally 
developed programs, training of engineers, supervisors, and 
operators/technicians has been an ongoing activity in Harris 
Semiconductor. 

Over the past years, Harris has also deployed a comprehen¬ 
sive training program for hourly operators and supervisors in 
job requirements and functional skills. All hourly manufactur¬ 
ing employees participate (see Table 5). 

Incoming Materials 

Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality enhance¬ 
ment, yield improvement, and cost control. With the use of 
statistical techniques, the influence of silicon, chemicals, 
gases and other materials on manufacturing is highly 
measurable. Current measurements indicate that results are 
best achieved when materials feeding a statistically 
controlled manufacturing line have also been produced by 
statistically controlled vendor processes. 

To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers 
with our manufacturing lines. This user-supplier network is 
the Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 
quality, participate with Harris in a lined network; the vendor's 
factory acts as if it were a beginning of the Harris productbn line. 
SPC seminars, development of open working relationships, 
understanding of Harris’ manufacturing needs and vendor 
capabilities, and continual improvement programs are all part of 
the certification process. The sole use of engineering limits no 
longer is the only quantitative requirement of incoming materials. 


TABLE 5. SUMMARY OF TRAINING PROGRAMS 



SPC, Intermediate 


SPC, Advanced 


Design of Experiments 
(DOX) 


Regression 


Response Surface 
Methods (RSM) 


Manufacturing Operators, 

Non-Manufacturing 

Personnel 


Manufacturing Supervisors, 
Technicians 


Manufacturing Engineers, 
Manufacturing Managers 


Engineers, Managers 


Engineers, Managers 


Engineers, Managers 


TOPICS COVERED 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 
Measurement Process Evaluation, Introduction to Capability 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 
Measurement Process Evaluation, Advanced Control Charts, Variance Com¬ 
ponent Analysis, Capability Analysis 


Factorial and Fractional Designs, Blocking Designs, Nested Models, Analysis 
of Variance, Normal Probability Plots, Statistical Intervals, Variance Compo¬ 
nent Analysis, Multiple Comparison Procedures, Hypothesis Testing, Model 
Assumptions/Diagnostics 


Simple Linear Regression, Multiple Regression, Coefficient Interval Estima¬ 
tion, Diagnostic Tools, Variable Selection Techniques 


Steepest Ascent Methods, Second Order Models, Central Composite De¬ 
signs, Contour Plots, Box-Behnken Designs 


a> 
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Specified requirements include centered means, statistical In addition to the certification process, Harris has worked to 
control limits, and the requirement that vendors deliver their promote improved quality in the performance of all our qualified 
products from their own statistically evaluated, in-control manu- vendors who must meet rigorous incoming inspection criteria 
facturing processes. (see Table 6). 


TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


MATERIAL 

INCOMING INSPECTIONS 

VENDOR DATA REQUIREMENTS 

Silicon 

• Resistivity 

• Crystal Orientation 

• Dimensions 

• Edge Conditions 

• Taper 

• Thickness 

• Total Thickness Variation 

• Backside Criteria 

• Oxygen 

• Carbon 

• Equipment Capability Control Charts 

- Oxygen 

- Resistivity 

• Control Charts Related to 

- Enhanced Gettering 

- Total Thickness Variation 

- Total indicated Reading 

- Particulates 

• Certificated of Analysis for all Critical Parameters 

• Control Charts from On-Line Processing 

• Certificate of Conformance 

Chemicals/Photoresists/ 

Gases 

• Chemicals 

- Assay 

- Major Contaminants 

• Molding Compounds 

- Spiral Flow 

- Thermal Characteristics 

• Gases 

- impurities 

• Photoresists 

- Viscosity 

- Film Thickness 

- Solids 

- Pinholes 

• Certificate of Analysis on ail Critical Parameters 

• Certificate of Conformance 

• Control Charts from On-Line Processing 

• Control Charts 

- Assay 

- Contaminants 

- Water 

- Selected Parameters 

• Control Charts 

- Assay 

- Contaminants 

• Control Charts on 

- Photospeed 

- Thickness 

- UV Absorbance 

- Filterability 

- Water 

- Contaminants 

Thin Film Materials 

• Assay 

• Selected Contaminants 

• Control Charts from On-Line Processing 

• Control Charts 

- Assay 

- Contaminants 

• Dimensional Characteristics 

• Certificate of Analysis for all Critical Parameters 

• Certificate of Conformance 

Assembly Materials 

• Visual Inspection 

• Physical Dimension Checks 

• Glass Composition 

• Bondability 

• Intermetallic Layer Adhesion 

• Ionic Contaminants 

• Thermal Characteristics 

• Lead Coplanarity 

• Plating Thickness 

• Hermeticity 

♦ Certificate of Analysis 

♦ Certificate of Conformance 

♦ Process Control Charts on Outgoing Product Checks 
and In-Line Process Controls 
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Calibration Laboratory 

Another important resource in the product assurance system 
is a calibration lab in each Harris Semiconductor operation 
site. These labs are responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment used in 
both production and engineering areas. The accuracy of 
instruments used at Harris is traceable to a national stan¬ 
dards. Each lab maintains a system which conforms to the 
current revision of MIL-STD-45662, “Calibration System 
Requirements.” 

Each instrument requiring calibration is assigned a calibration 
interval based upon stability, purpose, and degree of use. The 
equipment is labeled with an identification tag on which is 
specified both the date of the last calibration and of the next 
required calibration. The Calibration Lab reports on a regular 
basis to each user department. Equipment out of calibration is 
taken out of service until calibration is performed. The Quality 
organization performs periodic audits to assure proper control 
in the using areas. Statistical procedures are used where 
applicable in the calibration process. 

Manufacturing Science - CAM, JIT, TPM 

In addition to SPC and DOX as key tools to control the prod¬ 
uct and processes, Harris is deploying other management 
mechanisms in the factory. On first examination, these tools 
appear to be directed more at schedules and capacity. How¬ 
ever, they have a significant Impact on quality results. 

Computer Aided Manufacturing (CAM) 

CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In addi¬ 
tion, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and 
aids in managing work In process (WIP) and Inventories. 

The use of CAM has resulted in significant Improvements in 
many areas. Better wafer lot tracking has facilitated a num¬ 
ber of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - In some cases by as much as a factor of 2. 

The most dramatic benefit has been the reduction of WIP 
Inventory levels. In one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement, in wafer 
fab, defect rates are lower because wafers spend less time in 
production areas awaiting processing. Lower Inventory also 
improves morale and brings a more orderly flow to the area. 
CAM facilitates ail of these advantages. 


Just In Tinne (JIT) 

The major focus of JIT is cycle time reduction and linear pro¬ 
duction. Significant improvements in these areas result In 
large benefits to the customer. JIT is a part of the Total Quality 
Management philosophy at Harris and includes Employee 
Involvement, Total Quality Control, and the total elimination of 
waste. 

Some key JIT methods used for improvement are sequence 
of events analysis for the elimination of non-value added activ¬ 
ities, demand^pull to improve production flow, TQC check 
points and Employee Involvement Teams using root cause 
analysis for problem solving. 

JIT implementations at Harris Semiconductor have resulted In 
significant improvements in cycle time and linearity. The bene¬ 
fits from these improvements are better on time delivery, 
improved yield, and a more cost effective operation. 

JIT, SPC, and TPM are complementary methodologies and 
used In conjunction with each other create a very powerful 
force for manufacturing improvement. 

Total Productive Maintenance (TPM) 

TPM or Total Productive Maintenance Is a specific methodol¬ 
ogy which utilizes a definite set of principles and tools focus¬ 
ing on the Improvement of equipment utilization. It focuses on 
the total elimination of the six major losses which are equip¬ 
ment failures, setup and adjustment, idling and minor stop¬ 
pages, reduced speed, process defects, and reduced yield. A 
key measure of progress within TPM is the overall equipment 
effectiveness which Indicates what percentage of the time is a 
particular equipment producing good parts. The basic TPM 
principles focus on maximum equipment utilization, autono¬ 
mous maintenance, cross functional team involvement, and 
zero defects. There are some key tools within the TPM techni¬ 
cal set which have proven to be very powerful to solve long 
standing problems. They are Initial clean, P-M analysis, condi¬ 
tion based maintenance, and quality maintenance. 

Utilization of TPM has shown significant Increases in utiliza¬ 
tion on many tools across the Sector and is rapidly becoming 
widespread and recognized as a very valuable tool to Improve 
manufacturing competitiveness. 

The major benefits of TPM are capital avoidance, reduced 
costs, increased capability, and increased quality. It is also 
very compatible with SPC techniques since SPC is a good 
stepping stone to TPM Implementation and it Is In turn a good 
stepping stone to JIT because a high overall equipment effec¬ 
tiveness guarantees the equipment to be available and opera¬ 
tional at the right time as demanded by JIT. 
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Harris Reliability 


The reliability operations for Harris Semiconductor are consoi- 
idated into three locations; in Palm Bay. Florida, and Research 
Triangie Park, North Carolina, for integrated circuits products, 
and Mountaintop, Pennsylvania for Power Discrete Products. 
This consolidation brought the reliability organizations 
together to form a team that possesses a broad cross section 
of expertise in: 

• Custom Miiitary 

• Automotive ASICs 

• Harsh Environment Plastic Packaging 

• Advanced Methods for Design for Reliability (DFR) 

• Strength in Power Semiconductor 

• Chemical/Surface Anaiysis Capabilities 

The reiiabiiity focus is customer satisfaction (external and 
internal) and is accomplished through the development of 
standards, performance metrics and service systems. These 
major systems are summarized beiow: 

• A process and product development system which 
emphasizes getting new products to market over product 
design. Uses empowered cross functional development 
teams. 

• Standard test vehicles (96 in all) for process characteriza¬ 
tion of wearout failure mechanisms using conventional 
stresses (for modeling FITs/MTTF) and wafer level reliabil¬ 
ity characterization during development. 

• Common qualification standards and philosophy for all 
sites and deveiopments. 

• Matrix monitor standard - a reiiabiiity monitoring system 
for products in production to insure ongoing reliability and 
verification of continuous improvement. 

• Field return failure analysis system deployed world wide to 
track and expedite root cause anaiysis and irreversible 
corrective actions in a timely manner for our customers. 
The system is called by the team name PFAST, Product 
Failure Anaiysis Solution Team. Failure analysis sites are 
located in Brussels, Mountaintop, Palm Bay. Singapore, 
Kuala Lumpur, and Hong Kong. In order to optimize our 
response time to the customer all locations are networked 
for optimum communication, trend analysis, and perfor¬ 
mance tracking. 

Integrated circuits reiiabiiity home base is In Palm Bay, Flor¬ 
ida. This new facility has consolidated the reiiabiiity organiza¬ 
tion of the standard products divisions reliability group from 
Palm Bay, Florida; Somerville, New Jersey, Santa Clara, Cali¬ 
fornia. and the Miiitary and Aerospace Division in Palm Bay, 
Florida. This facility contains 

• A 9,000 square foot reiiabiiity anaiysis laboratory, 

• An 8,000 square foot reliability stress testing facility. 

• A 5,000 square foot analytical (chemistry/surface anaiysis) 
laboratory, 

• A 3,000 square foot of engineering office space. 


The facilities are well equipped and manned with highly 
trained and disciplined analysts. The reliability facilities are 
JAN certified and certified by a host of customers including 
major automotive and telecommunications companies. 

Process/Product/Package Qualifications 

Qualification activities at Harris begin with the in-depth qualifi¬ 
cation of new wafer processes. These process qualifications 
focus on the use of test vehicles to characterize wearout 
mechanisms for each process. These data are used to estab¬ 
lish design ground rules for each process to eliminate wearout 
failure during the useful life of the product. Products designed 
within the established ground rules are qualified individually 
prior to introduction. New package configurations are qualified 
individually prior to being available for new products. Harris 
qualification procedures are specified via controlled documen¬ 
tation. 

Product/Package Reliability Monitors 

Many of the accelerated stress-tests used during initial reii- 
abilify qualification are also employed during the routine moni¬ 
toring of standard production product. Harris* continuing 
reiiabiiity monitoring program consists of three groups of 
stress tests, labeled Matrix I, II and III. As an example. Table 7 
outlines the Matrix tests used to monitor plastic packaged 
CMOS Logic ICs in Harris’ Malaysia assembly plant, where 
each wafer fab technology is sampled weekly for both Matrix I 
and II. Matrix I consists of highly accelerate, short duration 
(48 hours or less) tests, which provide real-time feedback on 
product reiiabiiity. Matrix II consists of the more traditional, 
longer term stress-tests, which are similar to those used for 
product qualification. Finally, Matrix III, performed monthly on 
each package style, monitors the mechanical reiiabiiity 
aspects of the package. Any failures occurring on the Matrix 
monitors are fully analyzed and the failure mechanisms identi¬ 
fied, with corrective actions obtained from Manufacturing and 
Engineering. This information along with ail of the test results 
are routinely transmitted to a central data base in Reiiabiiity 
Engineering, where failure rate trends are analyzed and 
tracked on an ongoing basis. These data are used to drive 
product improvements, so as to ensure that failure rates are 
continuously being reduced over time. 


TABLE 7. PLASTIC PACKAGED CMOS LOGIC ICS MALAYSIA 
RELIABILITY MONITORING TESTS. 


MATRIX 1 

TEST 

CONDITIONS 

DURATION 

SAMPLE 

Bias Life 

+175®C 

48 Hours 

40 

HAST 

+145®C, 85% RH 

20 Hours 

40 
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TABLE 7. PLASTIC PACKAGED CMOS LOGIC ICS MALAYSIA 
REUABIUTY MONITORING TESTS (Continued) 


Bias Life 

+125®C 

1000 Hours 

50 

Dynamic Life 

+125®C 

1000 Hours 

50 

Biased Humidity 

+85°C, 85% RH 

1000 Hours 

50 

Autoclave 

15PSIG,+121®C, 
100% RH 

192 Hours 

50 

Storage Life 

+150°C 

1000 Hours 

50 

Temp. Cycle 

-65°Cto+150°C 

1000 Cycles 

50 

Thermal Shock 

-65°C to +150°C 

1000 Cycles 

50 


Solderabllity 
Lead Fatigue 


Brand Adhesion 


Fiammability 


CONDITIONS 


Mii-Std 883/2003 


Mii-Std 883/2004 


MiFStd 883/2015 


(UL-94 Vertical Burn) 


Field Return Product Analysis System 

The purpose of this system is to enable Harris' Field Sales 
and Quality operations to properly route, track and respond 
to our customers* needs as they relate to product analysis. 

The Product Failure Analysis Solution Team (PFAST) con¬ 
sists of the group of people who must act together to provide 
timely, accurate and meaningful results to customers on 
units returned for analysis. This team includes the salesman 
or applications engineer who gets the parts from the cus¬ 
tomer, the PFAST controller who coordinates the response, 
the Product or Test Engineering people who obtain charac¬ 
terization and/or test data, the analysts who failure analyze 
the units, and the people who provide the ultimate corrective 
action. It is the coordinated effort of this team, through the 
system described in this document that will drive the Cus¬ 
tomer responsiveness and continuous improvement that will 
keep Harris on the forefront of the semiconductor business. 


The system and procedures define the processing of prod¬ 
uct being returned by the customer for analysis performed by 
Product Engineering, Reliability Failure Analysis and/or 
Quality Engineering. This system is designed for processing 
“sample** returns, not entire lot returns or lot replacements. 

The philosophy is that each site analyzes its own product. 
This applies the local expertise to the solutions and heips 
toward the goal of quick turn time. 

Goals: quick, accurate response, uniform deliverable (con¬ 
sistent quality) from each site, traceability. 

The PFAST system is summarized in the foliowing steps: 

1) Customer calls the sales rep about the unlt(s) to return. 

2) Fill out PFAST Action Request - see the PFAST form in 
this section. This form is ail that is required to process a 
Field Return of samples for failure analysis. This form 
contains essential information necessary to perform root 
cause analysis. (See Figure 2). 

3) The units must be packaged in a manner that prevents 
physical damage and prevents ESD. Send the units and 
PFAST form to the appropriate PFAST controller. This 
location can be determined at the field sales office or rep 
using “look-up’“tables in the PFAST document. 

4) The PFAST controller will log the units and route them to 
ATE testing for data log. 

5) Test results will be reviewed and compared to customer 
complaint and a decision will be made to route the failure 
to the appropriate analytical group. 

6) The customer will be contacted with the ATE test results 
and interim findings on the analysis. This may relieve a 
line down situation or provide a rapid disposition of mate¬ 
rial. The customer contact is valuable in analytical pro¬ 
cess to insure root cause is found. 

7) A report will be written and sent directly to the customer 
with copies to sales, rep, responsible individuals with cor¬ 
rective actions and to the PFAST controller so that the 
records will capture the closure of the cycle. 

8) Each report will contain a feedback form (stamped and 
preaddressed) so that the PFAST team can assess their 
performance based on the customers assessment of 
quality and cycle time. 

9) The PFAST team objectives are to have a report in the 
customers hands in 28 days, or 14 days based on agree¬ 
ments. Interim results are given real-time. 
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HARRIS 

UBJ SEMICONDUCTOR 


Request # 
Customer Analysis # 


PFAST ACTION REQUEST 


Originator _ 

Location/Phone No. 
Device Type/Part No. 
No. Samples Returned 


Customer __ 

Location _ 

Purchase Order No. 
Quantity Received 


The completeness and timely response of the evaluation is directly related to the completeness 

OF THE DATA PROVIDED. PLEASE PROVIDE ALL PERTINENT DATA. ATTACH ADDITIONAL SHEETS IF NECESSARY. 


TYPE OF PROBLEM 


1. □ Incoming Inspection 

□ 100% Screen □ Sample Inspection 

No. Tested _No. of Rejects_ 

Are results representative of previous lots? 

□ YES O NO 

□ Brief description of evaluation 
AND results attached 

2. O In Process/Manufacturing Failure 

□ Board Checkout □ System Checkout 

□ Failed on Turn-on 

□ Failed after_hours operation 

Was unit retested under incoming inspection 
CONDITIONS? □ YES □ NO 

O Brief Description of how failure was isolated 
TO component attached 

3. □ FteLD Failure 

Failed after_hours operation 

Estimated failure rate_ % per 1000 hours 

End User_ Location_ 

Ambient temperature _C 

Min._C Max._C 

Rel. Humidity _ % 

□ End User failure correspondence attached 


ACTION REQUESTED BY CUSTOMER 


Specific Action Requested 


Impact of Failed Units on Customer’s Situation; 


Customer Contacts with Specihc Knowledge of Rejects 

Name___ 

Position __Phone_ 


DETAILS OF REJECT 

(Where appropriate serialize vaits and specify for each) 


TEST Conditions Relating to Failure 

□ tester Used (MFGR/MODEL) _ 

□ Test Temperature_ 

□ test Time: □ Continuous Test 

□ One Shot (T =_sec) 

□ Description of any observed condition to 

WHICH failure appears SENSITIVE: _ 


1. □ DC Failures 

□ Opens □ Shorts □ Leakage □ Stress 

□ Power Drain O Input Level □ Output Level 

□ List of forong conditions and measured 

RESULTS FOR EACH PIN IS ATTACHED 

□ Power supply sequencing attached 

2. □ AC Failures 

List Faiung Characteristics _ 


Address of Faiung Location (if appucable) 


Attached; 

□ List of Power Supply and Driver Levels 

(Include pictures of waveforms). 

□ List of output levels and loading conditions 

□ Input and Output Timing Diagrams 

□ Description of Patterns Used 

(If not standard patterns, give very complete 
description including address sequence). 

3. □ PROM Programming Failures 

Address of Failures _ 

Programmer Used (MFG/Model/Rev. No.) 


4. □ Physical/Assembly Related Failures 

O See Comments Below □ See Attached 



FIGURE 2. PFAST ACTION REQUEST 
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INSTRUCTIONS FOR COMPLETING PFACT ACTION RE 


The purpose of this form is to help us provide you with a more accurate, comi^ete, and timely lespcmse to failures which may occur. 
Accurate and complete information is essential to ensure that the appropriate corrective action can be implemented. Due to this need 
for accurate and complete information, requests without a completed PFAST Action Request form will be returned. 

Source of Problem : 

This section requests the product flow leading to the failure. Marie an "X* in the appropriate boxes up to and including the step whidb 
detected the failure. Also mark an *X* in the appre^riate box under ARE RESULTS REPRESENTATIVE OP PREVIOUS LOTS? 
to indicate whether this is a rare failure or a repeated problem. 


Example 1 . No incoming electrical test was performed, the 
units were installed onto boards, the boards functioned 
correctly for two hours and then 1 unit failed. The 
customer rarely has a failure due to this Harris device. 


SOURCE OF PROBLEM 

OEswr Ike M^CMC of cveeii ie ike boxw provMe4) 


1. VlSUAL/MfiCHANICAL 

□ Describe_ 


I 2. Incoming TBsrr ■ Nor Performed 
I □ 100% Tested □ Sample Tested 

No. Tested_ No. of Reiects_ 

ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 

□ YES D NO 

3. In Procbss/Manufacturinc Failure 

■ Board Test □ System Test 

How many units failed? / 

Failed after 3 hours of testing 
Was unit retested at incoming inspection? 

□ YBS ■ NO 

ARE results representative of previous lots? 

□ YES ■ NO 

4. FIELD Failure 

Failed after_hours operation 

Estimated failure rate_% per 

End User_ Locatiw_ 

Min._*0 Ave._*0 Max._*0 

5. Other_ 



Example 2. 100 out of the 500 units shipped were tested 
at incoming and all passed. The units were installed into 
boards and the boards passed. The boards were installed 
into the system and the system failed immediately when 
turned on. There were 3 system failures due to this part. 
The customer frequently has failures of this Harris device. 
The 3 units were not retested at incoming. 


SOURCE OF PROBLEM 

(Esier Ike M^acMC pf «v«ii> |p ike betm provkM) 


1. Vgsual/Mechanical 
□ Describe 


2. Incoming Test □ Nor Performed 

□ 100% tested ■ Sample Tested 
No. tested No. OF Rejects ^ 

Are results representative of previous lots? 

■ YES □ NO 

3. In Process/Manufacturing Failure 

■ Board IEst ■ System TEst 

How MANY UNITS FAILED? 

Failed after O hours of testing 
Was unit r e t es t e d at incoming inspection? 

□ YES ■ NO 

Are results representative of previous lots? 

■ YES □ NO 

4. Held Failure 

Failed after_hours operation 

Estimated failure rate % per_ 

End User_ Location_ 

Min._'C AVE._ *C Max._’C 

5. Other_ 


Action Reouested bv Customer 

This section should be completed with the customer’s expectations. This information is essential for an appropriate response. 

Reason for Electrical Reject: 

This section should be completed if the type of failure could be identiHed. If this information is contained in attached customer 
correspondence there is no need to transpose onto the PFAST Action Request form. 

PFAST REQUIREMENTS 

The value of returning failing products is in the corrective actions that are generated. Failure to meet the following requirements can 
cause an erroneous conclusion and corrective action; therefore, failure to meet these requirements will result in the request being 
returned. Contact the local PFAST Coordinator if you have any questions. 

Units with conformal coating should include the coating manufacturer and model. This is requested since the coating must be removed 
in order to perform electrical or hermeticity testing. 

1) Units must be returned with proper ESD protection (ESDnsafe shipping tubes within shielding box/bag or inserted into conductive 
foam within shielding box/bag). No tape, paper bags, or plastic bags should be used. This requirement ensures that the devices are 
not damaged during shipment back to Harris. 

2) Units must be intact (lid not removed and at least part of each packa^ lead present). This requirement is in place since the parts 
must be intact in order to perform electrical test. Also, opening the package can remove evidence the cause for failure and lead to 
an incorrect conclusion. 

3) Programmable parts (ROMs, PROMS, UVEPROMs, and EEPROMs) must include a master unit with the same pattern. This 
requirement is to provide the pattern so all failing locations can be identified. A master unit is required if a failure analysis is requested. 

FIGURE 2. PFAST ACTION REQUEST (Continued) 
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Failure Analysis Laboratory 

The Failure Analysis Laboratory’s capabilities encompass 
the isolation and identification of ail failure modes/failure 
mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure is also 
undertaken. 

Failure analysis is a method of enhancing product reliability 
and determining corrective action. It is the final and crucial 
step used to isolate potential reliability problems that may 
have occurred during reliability stressing. Accurate analysis 
results are imperative to assess effective corrective 
actions. To ensure the integrity of the analysis, correlation 
of the failure mechanism to the initial electrical failure is 
essential. 

A general failure analysis procedure has been established 
in accordance with the current revision of MIL-STD-883, 
Section 5003. The analysis procedure was designed on the 
premise that each step should provide information on the 
failure without destroying information to be obtained from 
subsequent steps. The exact steps for an analysis are 
determined as the situation dictates. (See Figures 3 and 4). 
Records are maintained by laboratory personnel and con¬ 
tain data, the failure analyst’s notes, and the formal Product 
Analysis Report. 

Analytical Services Laboratory 

Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and Instrumentation from both labs 
cooperate in fully integrated approaches necessary to 


complete analytical studies. The capabilities of each area 
are shown below. 

SPECTROSCOPIC METHODS: Colorimetry, Optical Emis¬ 
sion, Ultraviolet Visible, Fourier Transform-Infrared, Flame 
Atomic Absorption, Furnace Organic Carbon Analyzer, Mass 
Spectrometer. 

CHROMATOGRAPHIC METHODS: Gas Chromatography. 
Ion Chromatography. 

THERMAL METHODS: Differential Scanning Colorimetry, 
Thermogravimetric Analysis, Thermomechanical Analysis. 

PHYSICAL METHODS: Profilometry, Microhardness, Rhe- 
ometry. 

CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
Ion Electrodes. 

ELECTRON MICROSCOPE: Transmission Electron Micros¬ 
copy, Scanning Electron Microscope. 

X-RAY METHODS: Energy Dispersive X-ray Analysis 
(SEM), Wavelength Dispersive X-ray Analysis (SEM), X-ray 
Fluorescence Spectrometry, X-ray Diffraction Spectrometry. 

SURFACE ANALYSIS METHODS: Scanning Auger Micro¬ 
probe, Electron Spectroscopy/Chemical Analysis, Second¬ 
ary Ion Mass Spectrometry, Ion Scattering Spectrometry, Ion 
Microprobe. 

The department also maintains ongoing working arrange¬ 
ments with commercial, university, and equipment manufac¬ 
turers’ technical service laboratories, and can obtain any 
materials analysis in cases where instrumental capabilities 
are not available in our own facility. 


FAILURE VERIRCATION 


EXTERNAL INSPECTION 


I DEENCAPSULATION 


I 

PHYSICAL i 

I 


TESTS 1 


RNELEAK TEST 


GROSS LEAK TEST 


ELECTRICAL ANALYSIS 



SPEaAL TESTS 


FAILURE MODE 
PREDICTIONS 



1 INTERNAL VISUAL 

1 INSPECTION 






1 INTERNAL ELEC 

1 TRICAL PROBE 




CHEMICAL 

TESTS 


CROSS 

SECTION 


1 _j 

ANALYSIS 1 

rn 

REPORT 1 



SELECT ANALYSIS PATH 


FIGURES. NON-DESTRUCTIVE 


FIGURE 4. DESTRUCTIVE 
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Reliability Fundamentals and Calculation 
of Failure Rate 

Table 8 below defines some of the more important terminol* 
ogy used in describing the lifetime of integrated circuits. 

Of prime importance is the concept of ‘iailure rate” and the 
caiculation thereof. 

Failure Rate Calculations 

Reliability data may be composed of several different failure 
mechanisms and the combining of potentially diverse failure 
rates into one comprehensive failure rate is desired. The fail¬ 
ure rate calculation is complicated because the failure mecha¬ 
nisms are thermally activated at differing rates. Additionally, 
this data is usually obtained on a number of life tests per¬ 
formed at unique stress temperatures. The equation below 
accounts for these considerations along with a statistical fac¬ 
tor to obtain the upper confidence level (UCL) for the resulting 
failure rate. 


= Snr 

i = 1 V 


MX 10® 


^TDHj AFij 


where, 

X s failure rate in FITs (Number fails in 10^ device hours) 
p = # of distinct possible failure mechanisms 
k = # of life tests being combined 

Xj = # of failures for a given failure mechanism 
1 = 1,2, ...p 

TDHj = Total device hours of test time (unaccelerated) for 
Life Test j, j = 1, 2,3,.. .k 

AFjj = Acceleration factor for appropriate failure mecha¬ 
nism i = 1,2,... k 

M=XV2r.2/2 

where, 

= chi square factor for 2r + 2 degrees of freedom 
r = total number of failures (£ Xj) 
a = risk associated with UCU 
i.e. a = (100-UCL(%))/1(X) 

in the failure rate calculation. Acceleration Factors (AFy) are 
used to derate the failure rate from the thermally accelerated 
life test conditions to a failure rate indicative of actual use 
temperature. Although no standard exists, a temperature of 
-i-SS^C has been popular. Harris Semiconductor Reliability 
Reports will derate to -i-SS^C and will express failure rates at 
60% UCL. Other derating temperatures and UCLs are 
available upon request. 



FIT (Failure In Time) 


Device Hours 


MTTF (Mean Time To Failure) 


Confidence Level (or Limit) 


Acceleration Factor (AF) 


TABLES. FAILURE RATE PRIMER 


DEFINITIONS/DESCRIPTiON 


Measure of failure per unit of time. The failure rate typically decreases slightly over 
early life, and then becomes relatively constant over time. The on set of wearout will 
show an increasing failure rate, which should occur well beyond useful life. The useful 
life failure rate Is based on the exponential life distribution 


Measure of failure rate in 10^ device hours; e.g., 1 FIT = 1 failure in 10° device hours, 
100 FITS = 100 failure in 10° device hours, etc. 


The summation of the number of units in operation multiplied by the time of operation. 


Mean of the life distribution for the population of devices under operation or expected 
lifetime of an individual, MTTF 1/X, which is the time where 63.2% of the population 
has failed. Exampled: For X = 10 FITS (or 10 E-9/Hr.), MTTF = 1/X = 100 million hours. 


Probability level at which population failure rate estimates are derived from sample life 
test: 10 FITS at 95% UCL means that the population failure rate is estimated to be no 
more that 10 FITs with 95% certainty. The upper limit of the confidence interval is used. 


A constant derived from experimental data which relates the times to failure at two 
different stresses. The AF ^iows extrapolation of failure rates from accelerated test 
conditions to use conditions. 
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Acceleration Factors 

Activation Energy 

Acceleration factor is determined from the Arrhenius 
Equation. This equation is used to describe physiochemical 
reaction rates and has been found to be an appropriate 
model for expressing the thermal acceleration of semicon¬ 
ductor failure mechanisms. 

The Activation Energy (E^) of a failure mechanism is deter¬ 
mined by performing at least two tests at different levels of 
stress (temperature and/or voltage). The stresses will pro¬ 
vide the time to failure (tf) for the two (or more) populations 
thus allowing the simultaneous solution for the activation 
energy as follows: 

AF = EXP r ^ ’ ) 

k '•T T ' 

use stress _ 

In (tfi) ss C + Ea In (tf 2 ) = C + Eg 

kTi kTg 

where, 

AF = Acceleration Factor 

Ea = Thermal Activation Energy (See Table 9) 
k = Boltzmann’s Constant (8.63 x 10*5 eV/°K) 

Both Tuse and Tstress degrees Kelvin) include the Internal 
temperature rise of the device and therefore represent the 
junction temperature. 

By subtracting the two equations, and solving for the activa¬ 
tion energy, the following equation is obtained: 

Ea= k(ln(t„)-ln(yi 

(i/ri - i/r 2 ) 

where, 

Ea = Thermal Activation Energy (See Table 9) 
k = Boltzmann’s Constant (8.63 x 10’5 eV/°K) 

Ti, T 2 = Life test temperatures in degrees Kelvin 

TABLE 9. FAILURE MECHANISM 


FAILURE 

MECHANISM 

ACTIVATION 

ENERGY 

SCREENING AND 

TESTING METHODOLOGY 

CONTROL METHODOLOGY 

Oxide Defects 

0.3-0.5eV 

High temperature operating life (HTOL) and 
voltage stress. Defect density test vehicles. 

Statistical Process Control of oxide parameters, 
defect density control, and voltage stress testing. 

Silicon Defects 
(Bulk) 

0.3 - 0.5eV 

HTOL & voltage stress screens. 

Vendor statistical Quality Control programs, and 
Statistical Process Control on thermal processes. 

Corrosion 

0.45eV 

Highly accelerated stress testing (HAST) 

Passivation dopant pontrol, hermetic seal control, 
improved mold compounds, and product handling. 

Assembly 

Defects 

0.5 - 0.7eV 

Temperature cycling, temperature and me- 
chanicai shock, and environmental stressing. 

Vendor Statistical Quality Control programs. Sta¬ 
tistical Process Control of assembly processes, 
proper handling methods. 

Electromigration 

- Al Line 

- Contact 

0 0 

II 

Test vehicle characterizations at highly ele¬ 
vated temperatures. 

Design ground rules, wafer process statistical pro¬ 
cess steps, photoresist, metals and passivation 

Mask Defects/ 

Photoresist 

Defects 

0.7eV 

Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 
and HTOL. 

Clean room control, clean mask, pellicles. Statisti¬ 
cal Process Control of photoresist/etch processes. 

Contamination 

i.Oev 

C-V stress at oxide/Interconnect, wafer FAB 
device stress test and HTOL. 

Statistical Process Control of C-V data, oxide/in¬ 
terconnect cleans, high integrity giassivation and 
clean assembly processes. 

Charge Injection 

1.3eV 

HTOL & oxide characterization. 

Design ground rules, wafer level Statistical Pro¬ 
cess Control and critical dimensions for oxides. 
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APPLICATION NOTE ABSTRACTS AND 

SPICE MODEL LISTING 


AN# 

509 


515 


517 

519 

525 

526 

538 

540 

541 


544 

546 


TITLE ABSTRACTS 

A Simple Comparator Performance characteristics, application schematics, output parameter controi methods. 
Using The HA-2620 

The HA-2400 PRAM HA-2400 PRogrammable Analog Microcircuit description, frequency compensation, 

Four Channel applications (analog multiplexer, non-inverting programmable gain amplifier, inverting 

Operational Amplifier programmable gain amplifier, programmable attenuator, programmable adder-subtractor, 
phase selector, phase detector, synchronous rectifier, balanced modulator, integrator, ramp 
generator, track and hold, sample and hold, sine wave oscillator, multivibrator, active filter, 
programmable power supply, comparator, multiplying D/A converter). 

Operational Amplifier Input capacitance and stability, capacitive feedback compensation, guidelines for 
Stability: Input compensation requirements. 

Capacitance 

Considerations 

Applications of a General Sample and Hold information and fourteen specific applications. Including filtered 

Monolithic Sample and Sample & Hold DAC de-glitcher, Integrate-Hold-Reset, gated op amp, etc 
Hold/Gated Op Amp 

Operational Amplifiers Noise model and equations, procedure for computing total output noise, example, broadband 
Noise Prediction noise measurement, spot noise prediction techniques, typical spot noise curves, popcorn 

noise discussion. 

HA-5190/5195 Fast Internal schematic, prototyping considerations, frequency compensation, performance 

Settling Operational enhancement methods, applications. 

Amplifier 

HA-5190/5195 Video Video applications, video response tests, S/N ratio measurements, power supply 

Applications requirements temperature considerations, design hints, prototyping tips, RF AGO amplifier, 

DC gain controlled video amplifier. 


Monolithic Sampie/Hoid Description and electrical specifications for the HA-5320 Sample/Hoid Amplifier, explanation 
Combines Speed and of errors sources, and HA-5320 applications. 

Precision 

HA-5170 Precision Low Internal design and technology, J-FET noise discussion, trimming of offset voltage, single op 

Noise J-FET Input amp Instrumentation Amplifier, sine wave oscillator, high impedance transducer interface. 

Operational Amplifier current source/sink and current sense circuits. 

Using HA-2539/2540 Prototyping considerations, output short circuit protection, offset voltage adjustment. 

Very High Slew-Rate frequency compensation, composite amplifier scheme, DC error reduction, boosting output 

Wideband Operational current, increasing output signal swing, cascade amplifier, video gain block, high frequency 

Amplifiers oscillator, wideband signal splitter. 

Micropower Op Amp Operation, noise performance, applications (remote sensor loop transmitter, charge pool 
Family, HA-514X, and power supply, low power microphone preamplifier, AGO with squelch control. Wein bridge 
HA-515X oscillator, bar code scanner, monostable multivibrator). 



A Method of Calculating A method of calculating Gain Bandwidth product performance versus temperature for the HA- 
HA-2625 Gain 2625 Op Amp. 

Bandwidth Product vs 
Temperature 


See page iv for information on Ordering Literature 
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Application Note Abstracts (Continued) 


AN # TITLE ABSTRACTS 

548 A Designer's Guide for Operation, video performance, video parameter specifications, Y parameters, appiications 

the HA-5033 Video (flash converter pre-driver, coaxial line driver, video gain block, high speed sample and hold. 
Buffer audio drivers, crystal oscillator). 

549 The HC-550X Complete description of device functionality and applications of SLIC. 

Telephone Subscriber 

Line interface Circuit 

550 Using the HA-2541 Prototyping guidelines, thermal considerations and heat sinking, performance 

enhancements, appiications (Wein bridge oscillator, high power gain stage, video stage with 
clamp, multiplexer/demuttipiexer, disk drive write amplifier, gain programmable amp, 
composite amp). 

551 Recommended Test Operational amplifier test procedures for offset voltage, bias current, offset current, power 

Procedures for supply rejection ratio, common mode rejection ratio, output voltage swing, output current, 

Operational Amplifiers open loop gain, slew rate, full power bandwidth, transient response, settling time, GBP, phase 

margin, noise voltage and current, and channel separation. 

552 Using the HA-2542 Prototyping guidelines, thermal considerations and heat sinking, performance 

enhancements, applications (multi-channel security system, unbalanced coaxial driver, flash 
converter driver, programmable power supply, bridge load driver, high current stage, 
differential line driver, DC motor speed control). 

553 Using the HA-5147/ Construction and operation, low noise design applications (instrumentation amplifier bridge 

5137/5127 sensor, multiplexer, precision threshold detector, audio driver, NAB amplifier, multivibrator, 

programmable gain stage, log amp, professional mixer). 

554 Low Noise Family Low noise design, operation, applications (Electronic scales, programmable attentuator, 

HA-5101/5102/5104/ Baxandai circuit, RIAA amplifier, NAB preamplifier, microphone amplifier, standard and simple 

5112/5114 biquads, professional mixer. 

556 Thermal Safe- Thermal management equations and curves indicating areas of Vqut and Iqut for safe 

Operating-Areas for operation. Also, the effects of packaging and heat sinking are examined. 

High Current Op /Vmps 

558 Using the HV1205 AC to Explains the basic theory of operation of the HV-1205. Presents a discussion of external 

DC Converter components required for operation, PC board layout recommendations and safety 

considerations. 

571 Using Ring Sync with Describes use of the SLICs Ring Synchronization pin and why you should use it. 

HC-5502Aand HC5504 
SLICs 

573 The HC-5560 Digital Full functional and applications description of HC-5560 transcoder and line codes. 

Line Transcoder 

574 Understanding PCM The process of converting analog voice signals into Time Division Multiplexed (TDM) Pulse 

Coding Code Modulated (PCM) format is described and illustrated. 

607 Delta Modulation for introduction to delta modulation coding techniques, 4 general applications, including digital 

Voice Transmission transmission encryption, voice scrambling and audio delay. Also CVSD evaluation guidelines. 

9006 HV-2405E Operation A brief discussion of function of the source resistor (R1) and the benefits of using a bridge 

from Full Bridge rectifier to reduce the power dissipation in R1. Presents several points to be kept in mind when 

implementing the full bridge (i.e. safety aspects, filtering of output so device will reset for the 
next cycle and circuit operation verification with test equipment). 

9101 High Current Off Line Explains the basic theory of operation of the HV-1205/2405E and shows how to increase the 

Power Supply maximum output current from 50mA to greater than 250mA. A detailed description of the 

circuit operation, to achieve the higher currents, is presented along with suggestions for 
external component selection. 

A007 Using the 8048/8049 Describes in detail the operation of the ICL8048 logarithmic amplifier, and its counter-part, the 

Monolithic Log-Anti-Log ICL8049 anti-log amp. 

/Vnplifiers 

A013 Everything You Always This note includes 17 of the most asked questions regarding the use of the ICL8038. 

Wanted to Know About 
the 8038 

See page iv for information on Ordering Literature 


10-2 



Application Note Abstracts (Continued) 


AN# 

nTLE 

ABSTRACTS 

A027 

Power Supply Design 
Using the ICL8211 and 
ICLB212 

Explains the operation of the ICL8211/12 and describes various power supply configurations, 
included are positive and negative voltage regulators, constant current source, programmable 
current source, current limiting, voltage crowbarring, power supply window detector, etc. 

A040 

A Precision Four 
Quadrant Multiplier - 
The 8013 

Describes, in detail, the operation of the iCL8013 analog multiplier. Included are 
multiplication, division, and square root applications. 

A051 

Principles and 
Applications of the 
ICL7660 CMOS Voltage 
Converter 

Describes internal operation of the iCL7660. includes a wide range of possible applications. 

A053 

The ICL7650 - A New 
Era In Glitch-Free 
Chopper Stabilizer 
Amplifiers 

A brief discussion of the internal operation of the ICL7650, followed by an extensive 
applications section including amplifiers, comparators, log-amps, pre-amps, etc. 

5290 

General Purpose Op 
Amps 

Discusses various uses of op amps. 

5296 

CA3018 

Transistor Array 

5337 

CA3028 

RF amplifiers In the HF and VHF ranges. 

5380 

FM IF Amplifiers 

Discusses differential amplifier configurations. 

5766 

CA3020 

Multipurpose wideband power amplifiers 

6048 

CA3094 

Programmable power switch/amplifier. 

6077 

CA3094 

OTA with power capability. 

6157 

CA3085 

Monolithic voltage regulators. 

6182 

CA3059 

Zero-voltage switches. 

6247 

CA3126 

Chroma processing IC using sample and hold circuit techniques. 

6257 

CA3089 

FM IF Subsystem. 

6386 

CA3130 

Understanding BiMOS op amps. 

6459 

CA3130 

Why and how to use the BiMOS op amp. 

6472 

CA3126 

A chrominance demodulator IC with dynamic flesh correction. 

6525 

iC Handling 

Guide to IC handling. 

6668 

CA3080 

High performance OTA. 

6669 

CA3240 

BiMOS op amp mates directly to system sensors. 

6732 

Noise Measurement 

Measurement of burst noise and “popcorn” noise in iCs. 

6818 

CA3280 

OTA simplifies complex analog designs. 

6915 

CA1524 

Pulse-width modulators. 

6998 

Telecom 

Telephony In Digital Evolution. 

7037 

Telecom 

Logarithmic units of measure in telecommunications. 

7127 

CA3420 

BiMOS amplifier circumvents low voltage limitations. 

7174 

CA1524 

Pulse-width modulator in an electronic scale. 

7175 

CA3217 

Integrated NTSC chrominance/luminance processor 

7304 

SCR Protection 

Discusses SCR Protection Circuits for ICs. 

8636 

Video Devices 

Discusses advanced video speed switches, multiplexers, cross points and buffer amplifiers. 

8707 

CA3450 

Single chip video line driver-high speed op amp. 

8742 

CD22402 

Sync Generator 

8811 

CA5470 

BiMOS-E process enhances quad op amp. 

ICE-402 

Operating 

Considerations 

Discusses operating considerations for solid state devices. 

See page iv for information on Ordering Literature 
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Spice Model Listing 


PART 

NUMBER 

DESCRIPTION 

CA3227 

3.0GHz NPN Arrays (See Data Sheet for 
Model) 

CA3246 

3.0GHz NPN Arrays (See Data Sheet for 
Model) 

HA-2500 

Precision, High Slew Rate, Single 

HA-2502 

Precision, High Slew Rate, Single 

HA-2510 

High Slew Rate, Single 

HA-2512 

High Slew Rate, Single 

HA-2520 

+3 Stable, High Slew Rate, Single 

HA-2522 

+3 Stable, High Slew Rate, Single 

HA-2539 

Very High Slew Rate, Wideband, +10 Stable, 
Single 

HA-2540 

Wideband, Fast Settling, +10 Stable, Single 

HA-2541 

Wideband, Fast Settling, Unity Gain Stable, 
Single 

HA-2542 

Wideband, High Slew Rate, High Output 
Current, +2 Stable, Single 

HA-2544 

Precision, High Slew Rate, Unity Gain Stable, 
Single 

HA-2548 

Precision, High Slew Rate, Wideband, 

+5 Stable, Single 

HA-2600 

Wideband, High Input Impedance, Single 

HA-2602 

Wideband, High Input Impedance, Single 

HA-2620 

Very Wideband, Uncompensated, +5 Stable, 
Single 

HA-2622 

Very Wideband, Uncompensated, +5 Stable, 
Single 

HA-2839 

Very High Slew Rate, Wideband, +10 Stable, 
Single 

HA-2840 

Very High Slew Rate, Wideband, +10 Stable, 
Single 

HA-2841 

Wideband, Fast Settling, Unity Gain Stable, 
Video, Single 


See page iv for information on Ordering Literature 


PART 

NUMBER 

DESCRIPTION 

HA-2842 

Wideband, High Slew Rate, High Drive, 

Video, +2 Stable, Single 

HA-2850 

Low Power, High Slew Rate, Wideband, 

+10 Stable, Single 

HA-5002 

Wideband, High Slew Rate Buffer 

HA-5004 

100MHz Current Feedback Video Amplifier 

HA-5020 

100MHz Current Feedback Video Amplifier 

HA-5033 

Video Buffer 

HA-5101 

Low Noise, High Performance, Single 

HA-5102 

Low Noise, High Performance, Dual 

HA-5104 

Low Noise, High Performance, Quad 

HA-5112 

Low Noise, High Performance, +10 Stable, 

Dual 

HA-5114 

Low Noise, High Performance, +10 Stable, 
Quad 

HA-5127 

Low Noise, Precision, Unity Gain Stable, 

Single 

HA-5137 

Low Noise, Precision, +5 Stable, Single 

HA-5147 

Low Noise, Precision, +10 Stable, Single 

HA-5190 

Wideband, Fast-settling, +5 Stable, Single 

HA-5221 

Low Noise, Wideband, Precision, Single 

HA-5222 

Low Noise, Wideband, Precision, Dual 

•HC-5509B 

Spare Op Amp On Board Subscriber Line IC 
(SLIC) 

HFA-0001 

Ultra High Slew Rate, Single 

HFA-0002 

Low Noise, Ultra High Speed, Wideband, 

+10 Stable, Single 

HFA-0005 

Ultra High Slew Rate, Single 

HFA3046, 

HFA3096, 

HFA3127, 

HFA3128 

8GHz NPN, 5.5GHz PNP Arrays 


NOTE:* Macromodel is on disk but App Note does not exist. 
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Linear and Telecom Package Selection Guide 


Using the Selection Guide; 

The first character of each entry indicates the package type, while the number preceding the decimal point details the pack¬ 
age lead count. Except for Can packages, the decimal point and succeeding numbers specify the package width in inches 
(e.g. .15 = 150 mil width). The entire entry indicates the table containing the appropriate package dimensions (e.g. 8 lead 
PDIP dimension are detailed In Table E8.3). The index on page 11-1 lists page numbers for PDIP, SOIC, PLCC, CDIP, Side- 
braze and Can tables. 


PART NUMBER 



M 16 .15 

PACKAGE-^ T BODY 

TYPE LEAD WIDTH 

COUNT 
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Linear and Telecom Package Selection Gi//de (Continued) 


PART NUMBER 



PLE: M 16 .15 

PACKAGE J T t 


J I BODY 
LEAD WIDTH 
COUNT 
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Linear and Telecom Package Selection Guide (Continued) 


PART NUMBER 



PLE: M 16 .15 

PACKAGE-^ T BODY 

TYPE LEAD WIDTH 

COUNT 
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Linear and Telecom Package Selection 6i//c/e (Continued) 


PART NUMBER 


HA-2556 


HA-2557 


HA-2600 


HA-2602 


HA-2605 


HA-2620 


HA-2622 


HA-2625 


HA-2640 


HA-2645 


HA-2705 


HA-2839 


HA-2840 


HA-2841 


HA-2842 


HA-2850 


HA-4741 


HA-4900 


HA-4902 


HA-4905 


HA-5002 


HA-5004 


HA-5020 


HA-5022 


HA-5023 


HA-5024 


HA-5025 


HA-5033 


HA-5101 


HA-5102 


HA-5104 


HA-5111 


HA-5112 


HA-5114 


HA-5127 


HA-5130 


HA-5134 



PLE: M 16 .15 

PACKAGE T body 
TYPE LEAD WIDTH 
COUNT 
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Linear and Telecom Package Selection Guide (Continued) 


PART NUMBER 



PLE: M 16 .15 

PACKAGE T BODY 
TYPE LEAD WIDTH 
COUNT 
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Linear and Telecom Package Selection Guide (Continued) 


PART NUMBER 



PLE: M 16 .15 

PACKAGE T BODY 
TYPE LEAD WIDTH 
COUNT 
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Package Outlines 


Dual-In-Line Plastic Packages 




E8.3 (JEDEC MS-001-AB) 

8 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


MILLIMETERS 


SEATING 
PLANE-JD-y 

D 1 -»J -- 

B1-J U- 





^ 0 . 010 ( 0 . 25 )®! c I A I ^ 
FIGURE 1 


MIN 

MAX 

MIN 

MAX 

- 

0.210 

- 

5.33 

0.015 

- 

0.39 

- 

0.115 

0.195 

2.93 

4.95 

0.014 

0.022 

0.356 

0.558 

0.045 

0.070 

1.15 

1.77 

0.008 

0.015 

0.204 

0.381 

0.348 

0.430 

8.84 

10.92 

0.005 

- 

0.13 

- 

0.300 

0.325 

7.62 

8.25 

0.240 

0.280 

6.10 

7.11 

0.100 BSC 

2.54 BSC 

0.300 BSC 

7.62 BSC 

- 

0.430 

- 

10.92 


El 4.3 (JEDEC MS-001-AC) 

14 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

A 

Al 

A2 

i 

il 

C 

D 

m 

_ 

e 

Qa 

ee 

L 

N 


El 6.3 (JEDEC MS-001-AA) 

16 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


MILLIMETERS 


MIN 


MAX I NOTES 


5.33 



NOTES: 

1. Controlling Dimensions: Inch. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Lisf in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D and E1 dimensions do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


E and IcaI are measured with the leads constrained to be per¬ 
pendicular to plane C. 

00 and 00 are measured at the lead tips with the leads uncon¬ 
strained. 00 must be zero or greater. 

N is the maximum number of terminal positions. 

Corner leads (1, N, N/2 and N/2 + 1) may be configured as 
shown in Figure 2. 
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Package Outlines 


Dual-In-Line Plastic Packages (Continued) 



E20.3 (JEDEC MS-001-AE) 

20 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.210 

- 

5.33 

4 

A1 

0.015 

- 

0.39 

- 

4 

A2 

0.115 

0.195 

2.93 

4.95 

- 

B 

0.014 

0.022 

0.356 

0.558 

- 

B1 

0.045 

0.070 

1.55 

1.77 

9 

C 

0.008 

0.015 

0.204 

0.381 

- 

D 

0.925 

1.060 

23.5 

26.9 

5 

D1 

0.005 

- 

0.13 

- 

- 

E 

0.300 

0.325 

7.62 

8.25 

6 

E1 

0.240 

0.280 

6.10 

7.11 

5 

e 

0.100 BSC 

2.54 BSC 

- 

®A 

0.300 BSC 

7.62 BSC 

6 

©B 

- 

0.430 

- 

10.92 

7 

L 

0.115 

0.160 

2.93 

4.06 

4 

N 

20 

20 

8 


El 8.3 (JEDEC MS-001-AD) 

18 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

INCHES 1 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.210 

- 

5.33 

4 

A1 

0.015 

- 

0.39 

- 

4 

A2 

0.115 

0.195 

2.93 

4.95 

■ 

B 

0.014 

0.022 

0.356 

0.558 

- 

B1 

0.045 

0.070 

1.15 

1.77 

9 

C 

0.008 

0.015 

0.204 

0.381 

- 

D 

0.845 

0.925 

21.47 

23.49 

5 

D1 

0.005 

- 

0.13 


- 

E 

0.300 

0.325 

7.62 

8.25 

6 

El 

0.240 

0.280 

6.10 

7.11 

5 

e 

0.100 BSC 

2.54 BSC 

- 

eA 

0.300 BSC 

7.62 BSC 

6 

®B 

- 

0.430 

- 

10.92 

7 

L 

0.115 

0.160 

2.93 

4.06 

4 

N 

!_15_ 

1 _ 15 _ 

8 


E22.4 (JEDEC MS-010-AA) 

22 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.210 

- 

5.33 

4 

A1 

0.015 

- 

0.39 

- 

4 

A2 

0.125 

0.195 

3.18 

4.95 

- 

B 

0.014 

0.022 

0.356 

0.558 

- 

B1 

0.030 

0.070 

0.77 

1.77 

9 

C 

0.008 

0.015 

0.204 

0.381 

- 

D 

1.150 

1.120 

26.67 

28.44 

5 

D1 

0.005 

- 

0.13 

- 

- 

E 

0.390 

0.425 

9.91 

10.79 

6 

El 

0.330 

0.380 

8.39 

9.65 

5 

e 

0.100 BSC 

2.54 BSC 

- 

©A 

0.400 BSC 

10.16 BSC 

6 

®B 

- 

0.500 

- 

12.70 

7 

-1 

0.115 

0.160 

2.93 

4.06 

4 

1 N 

22 

22 

8 


NOTES: 

1. Controlling Dimensions: Inch. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined In the “MO Series Symbol Lisr in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D and El dimensions do not Include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


6. Eand are measured with the leads constrained to be per¬ 
pendicular to plane C. 

7. eg and Oq are measured at the lead tips with the leads uncon¬ 
strained. Gc must be zero or greater. 

8. N is the maximum number of terminal positions. 

9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as 
shown in Figure 2. 
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Package Outlines 


Dual-In-Line Plastic Packages (Continued) 




E1 B1 MAX 

1 2 



E24.3 (JEDEC MS-001>AF) 

24 LEAD NARROW BODY DUAL-IN-LINE PLASTIC PACKAGE 


SEATING 

PLANE 



^ 0.010(0.25)®! ^ I ^ I ^©l 
FIGURE 1 


1. Controlling Dimensions: Inch. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Lisf In Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D and El dimensions do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 

6. Eand are measured with the leads constrained to be per¬ 
pendicular to plane C. 

7. Gb and Gq are measured at the lead tips with the leads uncon¬ 
strained. Gc must be zero or greater. 

8. N is the maximum number of terminal positions. 

9. Corner leads (1, N, N/2 and N/2 1) may be configured as shown 
in Figure 2. 


MILLIMETERS 



MIN 

MAX 

MIN 

MAX 

- 

0.210 

- 

5.33 

0.015 

- 

0.39 

- 

0.115 

0.195 

2.93 

4.95 

0.014 

0.022 

0.356 

0.558 

0.045 

0.070 

1.15 

1.77 

0.008 

0.015 

0.204 

0.381 

1.125 

1.275 

28.60 

32.30 

0.005 

- 

0.13 

- 

0.300 

0.325 

7.62 

8.25 

0.240 

0.280 

6.10 

7.11 

0.100 BSC 

2.54 BSC 

0.300 BSC 

7.62 BSC 

- 

0.430 

- 

10.92 

0.115 

0.160 

2.93 

4.06 


SYMBOL 

A 

Al 

A2 

i 

— 

C 

D 

51 

i 

El 

e 

©A 


E28.3 (JEDEC MS-001-AG) 

28 LEAD NARROW BODY DUAL-IN-LINE PLASTIC PACKAGE 



1 INCHES 1 

1 MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.210 

- 

5.33 

Al 

0.015 

- 

0.39 

- 

A2 

0.115 

0.195 

2.93 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.045 

0.070 

1.15 

1.77 

C 

0.008 

0.015 

0.204 

0.381 

D 

1.345 

1.425 

34.20 

36.20 

D1 

0.005 

- 

0.13 

- 

E 

0.300 

0.325 

7.62 

8.25 

El 

0.240 

0.280 

6.10 

7.11 

e 

0.100 BSC 

2.54 BSC 

©A 

0.300 BSC 

7.62 BSC 

©B 

- 

0.430 

- 

10.92 

L 

0.115 

0.160 

2.93 

4.06 
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Package Outlines 


Dual-in-Line Plastic Packages (Continued) 


■SKIS— 


SEATING 

PLANE 


N ov _ BMIN F=f 

T “ j 

El B1 MAX - 

l^l ' 2 

—I FIGURE 2 



^ 0.010(0.25)®! ^ I ^ I 

FIGURE 1 



E24.6 (JEDEC MS-011-AA) 

24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



1 INCHES 1 

1 MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.250 

- 

6.35 

A1 

0.015 

- 

0.39 

- 

A2 

0.125 

0.195 

3.18 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.030 

0.070 

0.77 

1.77 

C 

0.008 

0.015 

0.204 

0.381 

D 

1.150 

1.290 

29.3 

32.7 

D1 

0.005 

- 

0.13 

- 

E 

0.600 

0.625 

15.24 

15.87 

El 

0.485 

0.580 

12.32 

14.73 

e 

0.100 BSC 

2.54 BSC 

Oa 

0.600 BSC 

15.24 BSC 


- 

0.700 

- 

17.78 


E28.6 (JEDEC MS-011-AB) 

28 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


E40.6 (JEDEC MS-011-AC) 

40 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



MILLIMETERS 


MAX I NOTES 





0.125 

0.195 

0.014 

0.022 

0.030 

0.070 


0.008 


1.980 


0.005 


0.600 


0.485 


0.100 BSC 


0.600 BSC 


0.700 


0.115 0.200 


40 


2.095 I 50.3 


0.13 


0.625 I 15.24 


0.580 I 12.32 


15.87 


14.73 


2.54 BSC 


15.24 BSC 


17.78 


2.93 5.08 


40 


1. Controlling Dimensions: Inch. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Lisf in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D and El dimensions do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


6. Eand are measured with the leads constrained to be per¬ 
pendicular to plane C. 

7. Bb and Bq are measured at the lead tips with the leads uncon¬ 
strained. Be must be zero or greater. 

8. N Is the maximum number of terminal positions. 

9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as 
shown in Figure 2. 
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Package Outlines 


Dual-In-Line Plastic Packages (Continued) 



BMIN 

r 2 

El B1 MAX 

1 2 



E42.6 

42 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SEATING 

PLANE 



r—H 


^ 0.010(0.25)®! C I A I B@| 
FIGURE 1 


1. Controlling Dimensions: Inch. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Lisf In Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D and E1 dimensions do not Include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 Inch (0.25mm). 

6. E and [e^l are measured with the leads constrained to be per¬ 
pendicular to plane C. 

7. Gb and Gc are measured at the lead tips with the leads uncon¬ 
strained. Gc must be zero or greater. 

8. N is the maximum number of terminal positions. 

9. Corner leads (1, N, N/2 and N/2 +1) may be configured as shown 
in Figure 2. 


SYMBOL 

A 

A1 

A2 

-- 

D 

D1 

i 

ii 


MIN 

MAX 

MIN 

- 

0.250 

- 

0.015 1 - 1 

0.39 

0.125 

0.195 

3.18 

0.014 

0.022 

0.356 

0.030 

0.070 

0.77 

0.008 

0.015 

0.204 

1.980 

2.095 

50.3 

0.005 

- 

0.13 

0.600 

0.625 

15.24 

0.485 

0.580 

12.32 


MILLIMETERS 
WN MAX NOTES 
ass 4 


0.100 BSC 
0.600 BSC 

0.700 

iii 0.200 


4 15.87 

2 14.73 

2.54 BSC 
15.24 BSC 
I 17.78 


E48.6 (JEDEC MS-011-AD) 

48 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



INCHES 

1 MILLIMETERS 

SYMBOL 

MIN MAX 

MIN 

MAX 

A 

0.250 

- 

6.35 

A1 

0.015 

0.39 

- 

A2 

0.125 0.195 

3.18 

4.95 

B 

0.014 0.022 

0.356 

0.558 

B1 

0.030 0.070 

0.77 

1.77 

C 

0.008 0.015 

0.204 

0.381 

D 

2.385 2.480 

60.70 

63.1 

D1 

0.005 

0.13 

- 

E 

0.600 0.625 

15.24 

15.87 

El 

0.485 0.580 

12.32 

14.73 

e 

0.100 BSC 

2.54 BSC 

©A 

0.600 BSC 

15.24 BSC 

®B 

0.700 

- 

17.78 

L 

0.115 0.200 

2.93 

5.08 
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Package Outlines 


Small Outline (SOIC) Plastic Packages 



0.25(0.010) 




M8.15 (JEDEC MS-012-AA) 

8 LEAD SMALL OUTLINE PLASTIC PACKAGE 



X 

0.10(0.004) I 


H 

0.2284 

0.2440 

5.80 

6.20 

- 

h 

0.0099 

0.0196 

0.25 

0.50 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 


\ 0.25(0.010) QypI C AIB ^ 


Ml 4.15 (JEDEC MS-012-AB) 

14 LEAD SMALL OUTLINE PLASTIC PACKAGE 


MILLIMETERS 


Ml 6.15 (JEDEC MS-012-AC) 

16 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 



MIN 

MAX 

0.0532 

0.0688 

0.0040 

0.0098 

0.013 

0.020 

0.0075 

0.0098 

0.3367 

0.3444 

0.1497 

0.1574 



N 


a 







N 


a 


0.0532 0.0688 I 1.35 


0.0040 0.0098 I 0.10 


0.013 0.020 I 0.33 


0.0075 0.0098 I 0.19 


0.3859 0.3937 I 9.80 


0.1497 0.1574 


0.050 BSC 


0.2440 


0.0196 


0.050 


MILLIMETERS 


MIN I MAX I MIN 


MAX I NOTES 


1.75 


3.80 

4.00 

1.27 BSC 

5.80 

6.20 

0.25 

0.50 

0.40 

1.27 




1. Refer to applicable symbol list. 

2. Dimensioning and toierancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not Include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E" does not include interlead flash or protrusions. In¬ 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
Index feature must be located within the crosshatched area. 


6. “L" is the length of terminal for soldering to a substrate. 

7. “N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B", as measured 0.36mm (0.014 inch) or great¬ 
er above the seating plane, shall not exceed a maximum value 
of 0.61 mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen¬ 
sions are not necessarily exact. 
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Package Outlines 


Small Outline (SOIC) Plastic Packages (Continued) 



0.25(0.010) 




SEATING PLANE 






Ml 6.3 (JEDEC MS-013-AA) 

16 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 



O 0.10(0.004) 


^ 0.25(0.010) (g)|C I A® I B(S) 


0.4133 I 10.10 


H 

0.394 

0.419 

10.00 

10.65 

- 

h 

0.010 

0.029 

0.25 

0.75 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 


M18.3 (JEDEC MS>013-AB) 

18 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


M20.3 (JEDEC MS>013-AC) 

20 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 




A 

A1 


B 

C 


D 

E 


e 


H 


0.394 

0.419 

10.00 

10.65 

0.010 

0.029 

0.25 

0.75 

0.016 

0.050 

0.40 

1.27 





N 


a 


1. Refer to applicable symbol list. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D" does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E" does not include interlead flash or protrusions. In¬ 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


6. “L" is the length of terminal for soldering to a substrate. 

7. “N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B", as measured 0.36mm (0.014 Inch) or great¬ 
er above the seating plane, shall not exceed a maximum value 
of 0.61mm (0.024 Inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen¬ 
sions are not necessarily exact. 
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Package Outlines 


Small Outline (SOIC) Plastic Packages (Continued) 



H 1^ 0.25(0.010) (M) I B( 


\J^0- 


SEATING PLANE ' 






X 

~|Q| 0.10(0.004) I 


j 0.25(0.010) ®|C I A(g)|B© 


1. Refer to applicable symbol list. 

2. Dimensioning ancJ tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not Include Interlead flash or protrusions. In¬ 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body Is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L" is the length of terminal for soldering to a substrate. 

7. “N” Is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: Millimeter. Converted inch dimensions 
are not necessarily exact. 


I\/I24.3 (JEDEC MS-013-AD) 

24 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL 

A 

Al 

B 

C 

D 

e 

H 

h 

- 

N 

a 


M28.3 (JEDEC MS-013-AE) 

28 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


MILLIMETERS 


INCHES I 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.0926 

0.1043 

2.35 

2.65 

0.0040 

0.0118 

0.10 

0.30 

0.013 

0.020 

0.33 

0.51 

0.0091 

0.0125 

0.23 

0.32 

0.5985 

0.6141 

15.20 

15.60 

0.2914 

0.2992 

7.40 

7.60 


0.394 

0.419 

10.00 

10.65 

0.010 

0.029 

0.25 

0.75 

0.016 

0.050 

0.40 

1.27 

24 1 

I_ 24 _ 

0° 1 

8° I 

I 0° 

1 8° 




0.25 

0.75 

0.40 

1.27 

28 

0° 

1 8° 
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Package Outlines 



0.020 (0.51) MAX 
3PLCS 

DIMENSIONS IN 
PARENTHESES ARE 
MILUMETER EQUIVALENTS 
OF THE BASIC INCH 
DIMENSIONS 


0.026 (0.66) 
0.032(0.81) 


0.060(1.52) 

MIN 



i 0.021 (0.53) 
L- 0.025 (0.64) 


VIEW“A”TYP. 


N28.45 (JEDEC MO-047-AB) 

28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 


SYMBOL 



j INCHES I 

1 MILLIMETERS 

KIDi 

MAX 

MIN 

MAX 

0.165 

0.180 

4.20 

4.57 

0.090 

0.120 

2.29 

3.04 

0.485 

0.495 

12.32 

12.57 

0.450 

0.456 

11.430 

11.582 

0.390 

0.430 

9.91 

10.92 


E 

0.485 

0.495 

12.32 

12.57 

- 

E1 

0.450 

0.456 

11.430 

11,582 

2 

E2 

0.390 

0.430 

9,91 

10.92 

1 


0.300 REF 


28 


7.62 BSC 


28 


1. To be determined at seating plane. 

2. Dimensions D1 and E1 do not include mold protrusions. Allowable 
mold protrusion is 0.254mm/0.010 Inch. 

3. “N" is the number of terminal positions. 

4. Controlling dimension: Inch. 


N44.65 (JEDEC MO-047-AC) 

44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.165 

0.180 

4.20 

4.57 

0.090 

0.120 

2.29 

3.04 

0.685 

0.695 

17.40 

17.65 

0.650 

0.656 

16.510 

16.662 

0.590 

0.630 

14.99 

16.00 


E 

0.685 

0.695 

17.40 

17.65 

- 

El 

0.650 

0.656 

16.510 

16.662 

2 

E2 

0.590 

0.630 

14.99 

16.00 

1 


0.500 REF 


44 


12.70 BSC 


44 
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Package Outlines 
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Package Outlines 


Dual-ln-Line Frit-Seal Ceramic Packages 



cl LEAD FINISH 


BASE 3 
METAL a ' ' 


—(b)—♦ 


ibbb©|C|A-B^|D^| 
.<-D-H 


SECTION A-A 


SEATING 

PLANE 



F8.3A MIL-STD-1835 GDIP1-T8 (D-4, CONFIGURATION A) 
8 LEAD DUAL-IN-UNE FRIT-SEAL CERAMIC PACKAGE 


SYMBOL 

A 

b 

b1 

b2 

b3 

c 

cl 

D 

E 

e 


eA 


eA/2 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.200 

- 

5.08 

0.014 

0.026 

0.36 

0.66 

0.014 

0.023 

0.36 

0.58 

0.045 

0.065 

1.14 

1.65 

0.023 

0.045 

0.58 

1.14 

0.008 

0.018 

0.20 

0.46 

0.008 

0.015 

0.20 

0.38 

- 

0.405 

- 

10.29 

0.220 

0.310 

5.59 

7.87 


0.100 BSC 


0.300 BSC 


0.150 BSC 


2.54 BSC 


7.62 BSC 


3.81 BSC 



NOTES: 

1. Index area: A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

10. Controlling Dimension: inch 



FI 4.3 MlL-STD-1835 GDIP1-T14 (D-1, CONHCURATION A) 
14 LEAD DUAL-IN-UNE FRIT-SEAL CERAMIC PACKAGE 



1 INCHES 1 

r MILLIMETERS 

MBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.200 

- 

5.08 

b 

0.014 

0.026 

0.36 

0.66 

b1 

0.014 

0.023 

0.36 

0.58 

b2 

0.045 

0.065 

1.14 

1.65 

b3 

0.023 

0.045 

0.58 

1.14 

c 

0.008 

0.018 

0.20 

0.46 

cl 

0.008 

0.015 

0.20 

0.38 

D 

- 

0.785 

- 

19.94 

E 

0.220 

0.310 

5.59 

7.87 


0.100 BSC 
0.300 BSC 
0.150 BSC 
0.125 I 0.200 


2.54 BSC 
7.62 BSC 
3.81 BSC 
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Package Outlines 


Dual-In-Line Frit-Seal Ceramic Packages (Continued) 



el LEAD RNISH 


base 

METAL S 


fT h^bi-^T 
M I M-H ^ 
-(b)— 


ibbb© C A-B© 0® 


SECTION A-A 


SEATING 

PLANE 



FI 6.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A) 
16 LEAD DUAL-IN-UNE FRIT-SEAL CERAMIC PACKAGE 


A 

b 

b1 

b2 

b3 

c 

cl 

5 

E 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.200 

- 

5.08 

0.014 

0.026 

0.36 

0.66 

0.014 

0.023 

0.36 

0.58 

0.045 

0.065 

1.14 

1.65 

0.023 

0.045 

0.58 

1.14 

0.008 

0.018 

0.20 

0.46 

0.008 

0.015 

020 

0.38 

- 

0.840 

- 

21.34 

0.220 

0.310 

5.59 

7.87 


0.100 BSC 
0.300 BSC 


0.150 BSC 


1. index area: A notch or a pin one identification nnark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

10. Controlling Dimension: Inch 


0.125 

0.200 

3.18 














2.54 BSC 
7.62 BSC 


3.81 BSC 


5.08 




FI 8.3 MIL-STD-1835 GDIP1-T18 (D-6, CONHGURATION A) 
18 LEAD DUAL-IN-UNE FRIT-SEAL CERAMIC PACKAGE 

I I INCHES I MILLIMETERS I 


CD 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.200 

- 

5.08 

b 

0.014 

0.026 

0.36 

0.66 

b1 

0.014 

0.023 

0.36 

0.58 

b2 

0.045 

0.065 

1.14 

1.65 

b3 

0.023 

0.045 

0.58 

1.14 

c 

0.008 

0.018 

0.20 

0.46 

cl 

0.008 

0.015 

0.20 

0.38 

D 

- 

0.960 

- 

24.38 

E 

0.220 

0.310 

5.59 

7.87 

e 

0.100 BSC 

2.54 BSC 

eA 

0.300 BSC 

7.62 BSC 

eA/2 

0.150 BSC 

3.81 BSC 

L 

0.125 

0.200 

3.18 

5.08 

Q 

0.015 

0.070 

0.38 

1.78 

SI 

0.005 

- 

0.13 

- 

S2 

0.005 

- 

0.13 

- 

a 

90° 

105° 

90° 

105° 

aaa 

- 

0.015 

i 

0.38 

bbb 

- 

0.030 

- 

0.76 

ccc 

- 

0.010 

- 

0.25 

M 

- 

0.0015 

- 

0.038 
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Packaging Outiines 


Dual-In-Line Frit-Seal Ceramic Packages (Continued) 



ibbb©|C|A-B®|D^ 
«-D-H 


-(b)—^ 

SECTION A-A 


SEATING ' 
PLANE 



F20.3 MIL-STD-1835 GDIP1-T20 (D-8, CONRGURATION A) 
20 LEAD DUAL-IN-UNE FRIT-SEAL CERAMIC PACKAGE 


SYMBOL 

A 

b 

b1 

b2 

b3 

c 

c1 

5 

E 

e 

eA 


eA/2 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.200 

- 

5.08 

0.014 

0.026 

0.36 

0.66 

0.014 

0.023 

0.36 

0.58 

0.045 

0.065 

1.14 

1.65 

0.023 

0.045 

0.58 

1.14 

0.008 

0.018 

0.20 

0.46 

0.008 

0.015 

0.20 

0.38 

- 

1.060 

- 

26.92 

0.220 

0.310 

5.59 

7.87 


NOTES: 

1. Index area: A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

10. Controlling Dimension: Inch 



F24.6 MIL-STD-1835 GDIP1-T24 (D-3, CONRGURATION A) 
24 LEAD DUAL-IN-UNE FRIT-SEAL CERAMIC PACKAGE 



1 INCHES 1 

[ MILLIMETERS 

MBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.225 

- 

5.72 

b 

0.014 

0.026 

0.36 

0.66 

b1 

0.014 

0.023 

0.36 

0.58 

b2 

0.045 

0.065 

1.14 

1.65 

b3 

0.023 

0.045 

0.58 

1.14 

c 

0.008 

0.018 

0.20 

0.46 

cl 

0.008 

0.015 

0.20 

0.38 

D 

- 

1.290 

- 

32.77 

E 

0.500 

0.610 

12.70 

15.49 


0.100 BSC 
0.600 BSC 
0.300 BSC 


2.54 BSC 
15.24 BSC 
7.62 BSC 
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Package Outlines 


Dual-ln-Line Frit-Seal Ceramic Packages (Continued) 



t0|bbb(i)|c|A-B(D|D(0| 


cl 

i, 

LEAD HNISH 

i 

L 

X BASE 
: METAL 

|(c) 


—b1—3^ 

n- 

M 





r 


F28.6 MIL-STD-1835 GDIP1-T28 (D-10, CONFIGURATION A) 
28 LEAD DUAL-IN-UNE FRIT-SEAL CERAMIC PACKAGE 


SECTION A-A 


BASE 

PLANE, 

SEATING 

PLANE 


;vi 



m 

A A 

b-^ 

* [I] 


rs]? A 




i 4^^ 






iaaa(M) c A-B@ 


NOTES: 

1. Index area: A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shail not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and cl apply to lead base metal only. Dimension 
M appiies to lead plating and finish thickness. 

4. Corner ieads (1, N, N/2, and N/2-i-l) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shail be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at all four corners. 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.232 

- 

5.92 

- 

b 

0.014 

0.026 

0.36 

0.66 

2 

b1 

0.014 

0.023 

0.36 

0.58 

3 

b2 

0.045 

0.065 

1.14 

1.65 

- 

b3 

0.023 

0.045 

0.58 

1.14 

4 

c 

0.008 

0.018 

0.20 

0.46 

2 

cl 

0.008 

0.015 

0.20 

0.38 

3 

D 

- 

1.490 

- 

37.85 

5 

E 

0.500 

0.610 

12.70 

15.49 

5 

e 

0.100 BSC 

2.54 BSC 

- 

eA 

0.600 BSC 

15.24 BSC 

- 

eA/2 

0.300 BSC 

7.62 BSC 

- 

L 

0.125 

0.200 

3.18 

5.08 

- 

Q 

0.015 

0.060 

0.38 

1.52 

6 

SI 

0.005 

- 

0.13 

- 

7 

S2 

0.005 

- 

0.13 

- 


a 

90® 

105® 

90® 

105® 


aaa 

- 

0.015 

- 

0.38 


bbb 

- 

0.030 

- 

0.76 


ccc 

- 

0.010 

- 

0.25 


M 

- 

0.0015 

- 

0.038 

2 

N 

1 28 

1 28 

8 


8. N is the maximum number of terminal positions. 

9. Dimensioning and toierancing per ANSI Y14.5M -1982. 

10. Controlling Dimension: Inch 






Package Outlines 


Metal Can Packages 


REFERENCE PLANE 







BASE AND 
SEATING PLANE 


BASE METAL ^EADRNISH 



T8.C MIL-STD^1835 MACY1-X8 ( 
8 LEAD TO-99 METAL CAN 


INCHES 
SYMBOL MIN MAX 

A 0.165 0.185 

0b 0.016 0.019 

0b1 0.016 0.021 

SS 0.016 0 024 

0D ' 0.335 ~.375 

0D1 0.305 0.335 

0D2 0.110 ~.160 

e 0.200 BSC 

0.100 BSC 


MILLIMETERS 


5.08 BSC 
2.54 BSC 


SECTION A-A 

NOTES: 

1. (All leads) 0b applies between LI and L2.0b1 applies between 
L2 and 0.500 from the reference plane. Diameter is uncontrolled 
in LI and beyond 0.500 from the reference plane. 

2. Measured from maximum diameter of the product. 

3. a is the basic spacing from the centerline of the tab to terminal 1 
and p is the basic spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 

4. N is the maximum number of terminal positions. 

5. Dimensioning and tolerancing per ANSI 414.5M • 1982. 

6. Controlling dimension: Inch. 


F 

- 

0.040 

- 

1.02 

k 

0.027 

0.034 

0.69 

0.86 

k1 

0.027 

0.045 

0.69 

1.14 

L 

0.500 

0.750 

12.70 

19.05 

LI 

- 

0.050 

- 

1.27 

L2 

0.250 

- 

6.35 

- 

Q 

0.010 

0.045 

0.25 

1.14 

a 

45° 1 

3SC 

45° 1 

BSC 

P 

45° 1 

3SC 

45° 1 

BSC 


T10.B MIL-STD^1835MACY1-X10(A2) 
10 LEAD TO-100 METAL CAN 



1 INCHES 1 

1 MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

0.165 

0.185 

4.19 

4.70 

0b 

0.016 

0.019 

0.41 

0.48 

0b1 

0.016 

0.021 

0.41 

0.53 

0b2 

0.016 

0.024 

0.41 

0.61 

0D 

0.335 

0.375 

8.51 

9.40 

0D1 

0.305 

0.335 

7.75 

8.51 

0D2 

0.110 

0.160 

2.79 

4.06 

e 

0.230 BSC 

5.84 BSC 

el 

0.115 BSC 

2.92 BSC 

F 

- 

0.040 

- 

1.02 


0.027 

0.034 

0.69 

0.86 

k1 

0.027 

0.045 

0.69 

1.14 

L 

0.500 

0.750 

12.70 

19.05 

LI 

- 

0.050 

- 

1.27 

L2 

0250 

- 

6.35 

- 

Q 

0.010 

0.045 

025 

1.14 


36° BSC 
36° BSC 

io 


36° BSC 
36° BSC 
10 
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Package Outlines 


Metal Can Packages (Continued) 

I REFERENCE PLANE 




BASE AND 
SEATING PLANE 


BASE METAL ^EAD RNISH 



SECTION A-A 

NOTES: 

1. (All leads) 0b applies between L1 and L2.0b1 applies between 
L2 and 0.500 from the reference plane. Diameter is uncontrolled 
in L1 and beyond 0.500 from the reference plane. 

2. Measured from maximum diameter of the product. 

3. a is the basic spacing from the centerline of the tab to terminal 1 
and p is the basic spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 

4. N is the maximum number of terminal positions. 

r 

5. Dimensioning and tolerancing per ANSI 414.5M -1982. 

6. Controlling dimension: Inch. 


T10.C 

10 LEAD TO-100 METAL CAN 


SYMBOL 

A 

0b 

0b1 

0b2 

0D 

0D1 

0D2 

e 

el 

F 

k 

k1 

L 

U 

L2 

Q 

a 


T12.B 

12 LEAD TO-101 METAL CAN 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.165 

0.185 

4.19 

4.70 

0.016 

0.019 

0.41 

0.48 

0.016 

0.021 

0.41 

0.53 

0.016 

0.024 

0.41 

0.61 

0.335 

0.375 

8.51 

9.40 

0.305 

0.335 

7.75 

8.51 

- 

- 

- 

- 

0.230 BSC 

5.84 BSC 

0.115 BSC 

2.92 BSC 

- 

0.040 

- 

1.02 

0.027 

0.034 

0.69 

0.86 

0.027 

0.045 

0.69 

1.14 

0.500 

0.750 

12.70 

19.05 

- 

0.050 

- 

1.27 

0.250 

- 

6.35 

- 

- 

- 

- 

- 

36° BSC 

1 36° BSC 

36° BSC 

36° 

BSC 



INCHES 1 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

0.165 

0.185 

4.19 

4.70 

0b 

0.016 

0.019 

0.41 

0.48 

0b1 

0.016 

0.021 

0.41 

0.53 

0b2 

0.016 

0.024 

0.41 

0.61 

0D 

0.335 

0.375 

8.51 

9.40 

, 0D1 

0.305 

0.335 

7.75 

8.51 

0D2 

- 

- 

- 

- 

e 

0.230 BSC 

5.84 BSC 

el 

0.115 BSC 

2.92 BSC 

F 

- 

0.040 

- 

1.02 

k 

0.027 

0.034 

0.69 

0.86 

k1 

0.027 

0.045 

0.69 

1.14 

L 

0.500 

0.750 

12.70 

19.05 

LI 

- 

0.050 

- 

1.27 

L2 

0.250 

- 

6.35 

- 

Q 

- 

- 

- 

- 


30° BSC 
30° BSC 
12 


30° BSC 
30° BSC 
12 
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Package Outlines 


Metal Can Packages (Continued) 



REFERENCE PLANE 





BASE METAL 



SECTION A-A 


T12.C 

12 LEAD TO-8 METAL CAN 


SYMBOL 

A 

0b 

0bi 

0D 

0D1 

e 

el 

_ 

- 

k1 

_ 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.130 

0.150 

3.30 

3.81 

0.016 

0.019 

0.41 

0.48 

0.016 

0.021 

0.41 

0.53 

0.585 

0.615 

14.86 

15.62 

0.540 

0.560 

13.72 

14.22 

0.400 BSC 

10.16 BSC 

0.100 BSC 

2.54 BSC 

0.020 

0.040 

0.51 

1.02 

0.027 

0.034 

0.69 

0.86 

0.027 

0.045 

0.69 

1.14 

0.500 

0.560 

12.70 

14.22 


1. The reference, base, and seating planes are the same for this 
variation. 

2. Measured from maximum diameter of the product. 

3. N is the maximum number of terminal positions. 

4. Dimensioning and tolerancing per ANSI 414.5M -1982. 

5. Controlling dimension: Inch. 
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Package Outlines 


Dual-ln-Line Metal-Seal Ceramic Packages 


el LEAD nNISH 


D8.3 MIL-STD-1835 CDIP2-T8 (D-4, CONFIGURATION C) 
8 LEAD DUAL>IN-LINE METAL-SEAL CERAMIC PACKAGE 


MILUMETERS 


MIN 


MAX I NOTES 


5.08 



NOTES: 

1. index area: A notch or a pin one identification mark shaii be iocat- 
ed adjacent to pin one and shaii be iocated within the shaded 
area shown. The manufacturer’s identification shaii not be used 
as a pin one identification mark. 

2. The maximum iimits of iead dimensions b and c or M shaii be 
measured at the centroid of the finished iead surfaces, when 
soider dip or tin piate iead finish is appiied. 

3. Dimensions b1 and cl appiy to iead base metai oniy. Dimension 
M applies to iead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial iead paddle. For this configuration dimension b3 replaces 
dimension b1. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at ail four corners. 

8. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 

9. N is the maximum number of terminal positions. 

10. Braze fillets shall be concave. 

11. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

12. Controlling dimension: Inch. 



D14.3 MlL-STD-1835 CD1P2-T14 (D-1, CONFIGURATION C) 
14 LEAD DUAL-IN-UNE METAL-SEAL CERAMIC PACKAGE 



1 INCHES \ 

1 MILLIMETERS 

MBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.200 

- 

5.08 

b 

0.014 

0.026 

0.36 

0.66 

b1 

0.014 

0.023 

0.36 

0.58 

b2 

0.045 

0.065 

1.14 

1.65 

b3 

0.023 

0.045 

0.58 

1.14 

c 

0.008 

0.018 

0.20 

0.46 

cl 

0.008 

0.015 

0.20 

0.38 

D 

- 

0.785 

- 

19.94 

E 

0.220 

0.310 

5.59 

7.87 


0.100 BSG 
0.300 BSC 
0.150 BSC 


2.54 BSC 
7.62 BSC 
3.81 BSC 
3.18 I 5.08 
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Package Outlines 



NOTES: 

1. Index area: A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at all four corners. 

8. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 

9. N is the maximum number of terminal positions. 

10. Braze fillets shall be concave. 

11. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

12. Controlling dimension: Inch. 


D24.6 MIL-STD-1835 CDIP2-T24 (D-3, CONFIGURATION C) 
24 LEAD DUAL-IN-UNE METAL-SEAL CERAMIC PACKAGE 
I I INCHES I MILLIMETERS I 


TMBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.225 

- 

5.72 

b 

0.014 

0.026 

0.36 

0.66 

b1 

0.014 

0.023 

0.36 

0.58 

b2 

0.045 

0.065 

1.14 

1.65 

b3 

0.023 

0.045 

0.58 

1.14 

c 

0.008 

0.018 

0.20 

0.46 

cl 

0.008 

0.015 

0.20 

0.38 

D 

- 

1.290 

- 

32.77 

E 

0.500 

0.610 

12.70 

15.49 

e 

0.100 BSC 

2.54 BSC 

eA 

0.600 BSC 

15.24 BSC 

eA/2 

0.300 BSC 

7.62 BSC 

L 

0.120 

0.200 

3.05 

5.08 

Q 

0.015 

0.075 

0.38 

1.91 

SI 

0.005 

- 

0.13 

- 

S2 

0.005 

- 

0.13 

- 

a 

90“ 

105“ 

90“ 

105“ 

aaa 

- 

0.015 

- 

0.38 

bbb 

- 

0.030 

- 

0.76 

ccc 

- 

0.010 

- 

0.25 

M 

- 

0.0015 

- 

0.038 
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HOW TO USE HARRIS AnswerFAX 


What is AnswerFAX? 

AnswerFAX is Harris’ automated fax response system, it gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 

• • • 

What do I need to use AnswerFAX? 

Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 


• • • 

How does it work? 

You call the AnswerFAX number, touch-tone your way through a series of recorded questions, enter 
the order numbers of the documents you want, and give AnswerFAX a fax number to send them to. 
You’ll have the information you need in minutes. The chart on the next page shows you how. 


• • • 


How do I find out the order number for the publications I want? 

The first time you call AnswerFAX, you should order one or more on-line catalogs of, product line 
information. There are six catalogs: 

• New Products • Digital Signal Processing (DSP) Products 

• Linear Products • Discrete & Intelligent Power Products 

• Application Notes • Data Acquisition Products 

Once they’re faxed to you, you can call back and order the publications themselves by number. 


Dial 407-724-3818. That’s it. 


• • • 

How do i start? 


I ANSWER 


m 



Please refer to next page for a map to AnswerFAX. 
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Harris AnswerFAX Data Book Request Form 


DATA BOOKS AVAILABLE NOWI 


PUBLICATION 

NUMBER 

DATA BOOK/DESCRIPTION 

PSG201S 

PRODUCT SELECTION GUIDE (1992:320pp) Key product information on all Harris Semiconductor de¬ 
vices. Sectioned (Analog, Data Acquisition, Digital, Application Specific, Power, Hi-Rel & Rad-Hard, 
ASIC) for easy use and includes cross references and alphanumeric part number index. 

DB500B 

LINEAR & TELECOM ICs (1991:1,224pp) Product specifications for: op amps, comparators, S/H amps, 
differential amps, arrays, special analog circuits, telecom ICs, and power processing circuits. NOTE: New 
and completely updated edition available April *93. 

DB301.1 

DATA ACQUISITION (1991: 1,104pp) Product specifications on A/D converters (display. Integrating, 
successive approximation, flash); D/A converters, switches, multiplexers, and other products. NOTE: 
New and completely updated data acquisition databook available May '93. 

DB306 

DATA ACQUISITION/NEW RELEASES (1992:144pp) Includes specifications on 22 products not con¬ 
tained in main book, plus an applications note. NOTE: New and completely updated data acquisition da¬ 
tabook available May '93. 

DB302A 

DIGITAL SIGNAL PROCESSING (1993: 380pp) This new edition includes specifications on one- and 
two-dimensional filters, signal synthesizers, multipliers, special function devices (such as address se¬ 
quencers, binary correlators, histogrammer). Includes sections on development tools, application notes 
and Quallty/Rellabllity. 

DB304 

INTELLIGENT POWER ICs (1992: 512pp) Product specifications for low- and high-side switches, half 
bridges, AC-DC converters, full bridges, regulators & power supplies, protection circuits, and special 
function ICs. Includes application notes and Quality/Reliability sections. 

DB450.2 

TRANSIENT VOLTAGE SUPPRESSION DEVICES (1992:265pp) Product specifications of Harris varis¬ 
tors and surgectors. Also, general informational chapters such as: “Voltage Transients - An Overview," 
“Transient Suppression - Devices and Principles,” “Suppression - Automotive Transients.” 

DB223.2 

POWER MOSFETs (1992:1,504pp) Product specifications on MOSFETs (N- and P-channel, logic level, 
military and radiation-hardened); IGBTs; intelligent discretes; power drivers and switches; and ultra-fast 
rectifiers. Includes industry replacement guide and application notes. 

DB220.1 

BIPOLAR POWER TRANSISTORS (1992:592pp) Technical information on over 750 power transistors 
for use in a wide range of consumer, industrial and military applications. Indexing and packaging included. 

DB303 

MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product 
specifications on CMOS microprocessors, peripherals, data communications, and memory ICs. Includes 
application notes and Quality/Reliability chapters. 

Analog Military 

ANALOG MILITARY (1989:1,264pp) This databook describes Harris' military line of Linear, Data Acqui¬ 
sition, and Telecommunications circuits. 

Digital Military 

DIGITAL MILITARY (1989: 680pp) Harris CMOS digital ICs - microprocessors, peripherals, data com¬ 
munications and memory - are included In this databook. 


1 

NAME: 


COMPANY: 

MAIL STOP: _ 


ADDRESS: 

PHONE; 

FAX: 


DATA BOOK REQUESTED: 



HAfRRIS 

SEMICONDUCTOR 

FAX FORM TO: HARRIS FULFILLMENT 

FAX#: 215-941-0219 

ATTN: LINDA GROSS (EXT 7079) 































SEMICONDUCTOR 


AnswerFAX Technical Support 
Application Note Listing 


AnswerFAX 

DOCUMENT 

NUMBER 


PART 

NUMBER 






DESCRIPTION 


Glossary of Data Conversion Terms 
(6 pages) 


Principles of Data Acquisition and Con¬ 
version (20 pages) 


The IH5009 Analog Switch Series 
(9 pages) 


Using the 8048/8049 Log/Antilog Ampli¬ 
fier (6 pages) 


Pick Sample-Holds by Accuracy and 
Speed and Keep Hold Capacitors in 
Mind (7 pages) 


Everything You Always Wanted to 
Know About the ICL8038 (4 pages) 


Selecting A/D Converters (7 pages) 


The Integrating A/D Converter 
(5 pages) 


Do's and Don'ts of Applying A/D Con¬ 
verters (4 pages) 


Low Cost Digital Panel Meter Designs 
(5 pages) 


Power Supply Design Using the 
ICL8211 and 8212 (8 pages) 


Build an Auto-Ranging DMM with the 
ICL7103A/8052A A/D Converter Pair 
(6 pages) 


ICL7104: A Binary Output A/D Convert¬ 
er for Microprocessors (16 pages) 


Understanding the Auto-Zero and 
Common Mode Performance of the 
ICL7106/7107/7109 Family (8 pages) 


Using the ICL8013 Four Quadrant Ana¬ 
log Multiplier (6 pages) 


Interpretation of Data Converter Accu¬ 
racy Specifications (11 pages) 


Building a Battery Operated Auto Rang¬ 
ing DVM with the ICL7106 (5 pages) 


Know Your Converter Codes (5 pages) 


Applying the 7109 A/D Converter 
(5 pages) 


Principles and Applications of the 
ICL7660 CMOS Voltage Converter 
(9 pages) 


Tips for Using Single Chip 3.5 Digit A/D 
Converters (9 pages) 


The ICL7650 A New Era In Glitch-Free 
Chopper Stabilized Amplifiers 
(19 pages) 

Display Driver Family Combines Con¬ 
venience of Use with Microprocessor 
Interfaceability (18 pages) 


AnswerFAX 

DOCUMENT 

NUMBER 


PART 

NUMBER 





DESCRIPTION 


82C52 Programmable UART 
(12 pages) 


82C59A Priority Interrupt Controller 
(14 pages) 


Harris 80C286 Performance Advantag¬ 
es Over the 80386 (12 pages) 


80C286/80386 Hardware Comparison 
(4 pages) 


Some Applications of Digital Signal Pro¬ 
cessing Techniques to Digital Video 
(5 pages) 


Real-Time Two-Dimensional Spatial Fil¬ 
tering with the Harris Digital Filter Fam¬ 
ily (43 pages) 


Digital Filter (DF) Family Overview 
(6 pages) 


Extended DF Configurations (10 pages) 


Interfacing the 80C286-16 With the 
80287-10 (2 pages) 


Harris 80C286 Performance Advantag¬ 
es Over the 80386SX (14 pages) 


Using the HS-3282 ARINC Bus Inter¬ 
face Circuit (6 pages) 


A Simple Comparator Using the 
HA-2620 (1 page) 


The HA-2400 PRAM Four Channel Op¬ 
erational Amplifier (7 pages) 


Operational Amplifier Stability: Input 
Capacitance Considerations (2 pages) 


Applications of Monolithic Sample and 
Hold Amplifier (5 pages) 


Operational Amplifier Noise Prediction 
(4 pages) 


CMOS Analog Miltiplexers and Switch¬ 
es; Applications Considerations 
(9 pages) 


Digital to Analog Converter Terminolo¬ 
gy (3 pages) 


Digital to Analog Converter High Speed 
ADC Applications (3 pages) 


HA-5190/5195 Fast Settling Operation¬ 
al Amplifier (4 pages) 


Video Applications for the HA-5190/ 
5195 (5 pages) 


Analog Switch Applications in A/D Data 
Conversion Systems (4 pages) 

Common Questions Concerning CMOS 
Analog Switches (4 pages) 

Additional Information on the HI-300 
Series Switch (5 pages) 
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AnswerFAX Technical Support 
Application Note Listing (Continued) 


AnswerFAX 

DOCUMENT 

NUMBER 

PART 

NUMBER 

DESCRIPTION 

9535 

AN535 

Design Considerations for A Data Ac¬ 
quisition System (DAS) (7 pages) 

9538 

AN538 

Monolithic Sampie/Hold Combines 
Speed and Precision (6 pages) 

9539 

AN539 

A Monolithic 16-Bit D/A Converter 
(5 pages) 

9540 

AN540 

HA-5170 Precision Low Noise JFET In¬ 
put Operation Amplifier (4 pages) 

9541 

AN541 

Using HA-2539 or HA-2540 Very High 
Slew Rate, Wideband Operational Am¬ 
plifier (4 pages) 

9543 

AN543 

New High Speed Switch Offers Sub- 
50ns Switching Times (7 pages) 

9544 

AN544 

Micropower Op Amp Family (6 pages) 

9546 

AN546 

A Method of Calculating HA-2625 Gain 
Bandwidth Product vs. Temperature 
(4 pages) 

9548 

AN548 

A Designers Guide for the HA-5033 Vid¬ 
eo Buffer (12 pages) 

9549 

AN549 

The HC-550X Telephone Subscriber 
Line Interface Circuits (SLIC) 

(19 pages) 

9550 

AN550 

Using the HA-2541 (6 pages) 

9551 

AN551 

Recommended Test Procedures for 
Operational Amplifiers (6 pages) 

9552 

AN552 

Using the HA-2542 (5 pages) 

9553 

AN553 

HA-5147/37/27, Ultra Low Noise /Vnpli- 
fiers (8 pages) 

9554 

AN554 

Low Noise Family HA-5101/02/04/11/ 
12/14 (7 pages) 

9556 

AN556 

Thermal Safe-Operating-Areas for High 
Current Op Amps (5 pages) 

9557 

AN557 

Recommended Test Procedures for An¬ 
alog Switches (6 pages) 

9558 

AN558 

Using the HV-1205 AC to DC Converter 
(2 pages) 

9559 

AN559 

HI-222 Video/HF Switch Optimizes Key 
Parameters (7 pages) 

9571 

AN571 

Using Ring Sync with HC-5502A and 
HC-5504 sues (2 pages) 

9573 

AN573 

The HC-5560 Digital Line Transcoder 
(6 pages) 

9574 

AN574 

Understanding PCM Coding (3 pages) 

9576 

AN576 

HC-5512 PCM Filter Cleans Up CVSD 
Codec Signals (2 pages) 

9607 

AN607 

Delta Modulation for Voice Transmis¬ 
sion (5 pages) 

95290 

AN5290 

integrated Circuit Operational Amplifi¬ 
ers (20 pages) 


AnswerFAX 

DOCUMENT 

NUMBER 

PART 

NUMBER DESCRIPTION 

96048 

AN6048 Some Applications of A Programmable 
Power Switch/Amp (12 pages) 

96077 

AN6077 An IC Operational-Transconductance- 
Amplifier (OTA) With Power Capability 
(12 pages) 

96157 

AN6157 Applications of the CA3085 Series 
Monolithic iC Voltage Regulators 
(11 pages) 

96182 

AN6182 Features and Applications of integrated 
Circuit Zero-Voltage Switches 
(CA3058, CA3059 and CA3079) 

(31 pages) 

96386 

AN6386 Understanding and Using the CA3130, 
CA3130A and CA3130B30A/30B 

BiMOS Operation Amplifiers (5 pages) 

96459 

AN6459 Why Use the CMOS Operational Ampli¬ 
fiers and How to Use it (4 pages) 

96669 

AN6669 FET-BIpolar Monolithic Op Amps Mate 
Directly to Sensitive Sources (3 pages) 

96915 

AN6915 Application of CA1524 Series Pulse- 
Width Modulator ICs (18 pages) 

96970 

AN6970 Understanding and Using the CDP1855 

Muitiply/Divide Unit (11 pages) 

97063 

AN7063 Understanding the CDP1851 Program¬ 

mable I/O (7 pages) 

97174 

AN7174 The CA1524E Pulse-Width Modulator- 
Driver for an Electronic Scale (2 pages) 

97244 

AN7244 Understanding Power MOSFETs 
(4 pages) 

97254 

AN7254 Switching Waveforms of the L^FET: 

A 5 Volt Gate-Drive Power MOSFET 
(8 pages) 

97260 

AN7260 Power MOSFET Switching Waveforms: 

A New Insight (7 pages) 

97326 

AN7326 Applications of the CA3228E Speed 
Control System (16 pages) 

97332 

AN7332 The Application of Conductivity-Modu¬ 
lated Field-Effect Transistors (5 pages) 

98602 

AN8602 The IGBTs - A New High Conductance 
MOS-Gated Device (3 pages) 

98603 

AN8603 improved IGBTs with Fast Switching 
Speed and High-Current Capability 
(4 pages) 

98610 

AN8610 Spicing-Up Spice II Software for Power 

MOSFET Modeling (8 pages) 

98614 

AN8614 The CA1523 Variable Interval Pulse 
Regulator (VIPUR) For Switch Mode 
Power Supplies (13 pages) 

98707 

AN8707 The CA3450: A Single-Chip Video Line 
Driver and High Speed Op Amp 
(14 pages) 
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AnswerFAX Technical Support 
Application Note Listing (Continued) 


AnswerFAX 

DOCUMENT 

NUMBER 

PART 

NUMBER DESCRIPTION 

98742 

AN8742 Application of the CD22402 Video Sync 
Generator (4 pages) 

98743 

AN8743 Micropower Crystal-Controlled Oscilla¬ 
tor Design Using CMOS inverters 
(8 pages) 

98754 

AN8754 Method of Measurement of Simulta¬ 
neous Switching Transient (3 pages) 

98756 

AN8756 A Comparative Description of the UART 

(16 pages) 

98759 

AN8759 Low Cost Data Acquisition System Fea¬ 
tures SPi A/D Converter (9 pages) 

98761 

AN8761 User's Guide to the CDP68HC68T1 
Real-Time Clock (14 pages) 

98811 

AN8811 BiMOS-E Process Enhances the 

CA5470 Quad Op Amp (8 pages) 

98818 

AN8818 Exceptional Radiation Levels from Siil- 
con-on-Sapphire Processed High- 
Speed CMOS Logic (5 pages) 

98820 

AN8820 Recommendations for Soldering Termi¬ 
nal Leads to MOV Varistor Discs 
(3 pages) 

98823 

AN8823 CMOS Phase-Locked-Loop Applica¬ 
tions Using the CD54/74HC/HCT4046A 
and CD54/74HC/HCT7046A (23 pages) 

98829 

AN8829 SP600 and SP601 an HVIC MOSFET/ 

IGBT Driver for Half-Bridge Topologies 
(6 pages) 

98910 

AN8910 An Introduction to Behavioral Simula¬ 
tion Using Harris AC/ACT Logic Smart- 
Models™ From Logic Automation Inc. 

(9 pages) 

99001 

AN9001 Measuring Ground and VCC Bounce in 
Advanced High Speed (AC/ACT/FCT) 
CMOS Logic ICs (4 pages) 

99002 

AN9002 Transient Voltage Suppression in Auto¬ 

motive Vehicles (8 pages) 

99003 

AN9003 Low-Voltage Metal-Oxide Varistor - 
Protection for Low Voltage (^5V) ICs 
(13 pages) 

99010 

AN9010 HIP2500 High Voltage (500 Vdc) Half- 

Bridge Driver 1C (8 pages) 


AnswerFAX 

DOCUMENT 

NUMBER 

PART 

NUMBER DESCRIPTION 

99011 

AN9011 Synchronous Operation of Harris Rad 
Hard SOS 64K Asynchronous SRAMs 
(4 pages) 

99101 

AN9101 High Current Off Line Power Supply 
(4 pages) 

99102 

AN9102 Noise Aspects of Applying Advanced 

CMOS Semiconductors (9 pages) 

99105 

AN9105 HVIC/IGBT Half-Bridge Converter Eval¬ 
uation Circuit (1 page) 

99106 

AN9106 Spedal ESD Considerations for the HS- 
65643RH and HS-65647RH Radiation 
Hardened SOS SRAMs (2 pages) 

99201 

AN9201 Protection Circuits for Quad and Octal 
Low Side Power Drivers (8 pages) 

99202 

AN9202 Using the HFA1100, HFA1130 Evalua¬ 
tion Fixture (4 pages) 

99203 

AN9203 Using the HI5800 Evaluation Board 
(13 pages) 

99204 

AN9204 Tools for Controlling Voltage Surges 
and Noise (4 pages) 

99205 

AN9205 Timing Relationships for HSP45240 
(2 pages) 

99206 

AN9206 Correlating on Extended Data Lengths 
(2 pages) 

99207 

AN9207 DSP Temperature Considerations 
(2 pages) 

99208 

AN9208 High Frequency Power Converters 
(10 pages) 

99211 

AN9211 Soldering Recommendations for Sur¬ 
face Mount Metal Oxide Varistors and 
Multilayer Transient Voltage Suppres¬ 
sors (8 pages) 

99212 

AN9212 HIP5060 Family of Current Mode Con¬ 

trol ICs Enhance 1MHz Regulator Per¬ 
formance (7 pages) 

99217 

AN9217 High Current Off Line Power Supply 
(11 pages) 

99302 

AN9302 CA3277 Dual 5V Regulator Circuit Ap¬ 

plications (9 pages) 

99304 

AN9304 ESD and Transient Protection Using the 
SP720 (5 pages) 
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SALES OFFICES 


A complete and current listing of all Harris Sales. Representative 
“Harris Sales Listing” from the Literature Center (see page i). 

HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 

U.S. HEADQUARTERS 

Harris Semiconductor 
1301 Woody Burke Road 
Melbourne, Florida 32902 
TEL: (407) 724-3000 


SOUTH ASIA 

Harris Semiconductor H.K. Ltd 
13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsul, Kowloon 
Hong Kong 

TEL: (852) 3-723-6339 


and Distributor locations worldwide is available. Please order the 


EUROPEAN HEADQUARTERS 

Harris Semiconductor 
Mercure Centre 
Rue de la Fusse 100 
1130 Brussels, Belgium 
TEL: (32) 2-246-21.11 

NORTH ASIA 

Harris K.K. 

Shinjuku NS Bldg. Box 6153 
2-4-1 NIshi-Shinjuku 
Shinjuku-Ku, Tokyo 163 Japan 
TEL: (81) 03-3345-8911 


TECHNICAL ASSISTANCE IS AVAILABLE FROM THE FOLLOWING SALES OFFICES: 


UNITED STATES CALIFORNIA Costa Mesa. 714-433-0660 

San Jose. 408-995-7322 

Woodland Hills. 818-992-0686 

FLORIDA Melbourne. 407-724-3576 

GEORGIA Duluth. 404-476-2035 

ILLINOIS Schaumburg. 708-240-3480 

MASSACHUSETTS Burlington. 617-221-1850 

NEW JERSEY Mt. Laurel. 609-727-1909 

NEW YORK Great Neck. 516-829-9441 

TEXAS Dallas. 214-733-0800 


INTERNATIONAL FRANCE Paris. 33-1-346-54046 

GERMANY Munich. 49-8-963-8130 

HONGKONG Kowloon. 852-723-6339 

ITALY Milano. 39-2-262-22141 

JAPAN Tokyo. 81-33-345-8911 

KOREA Seoul... 82^2-551-0931 

UNITED KINGDOM Camberley. 44-2-766-86886 
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North American Sales Offices and Representatives 


April 1993 


ALABAMA 

Harris Semiconductor 
Suite 103 
Office Park South 
600 Bouievard South 
Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 
Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville. AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 

ARiZONA 

Compass Marketing & Sales, 
Inc. 

11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 
TEL: (602) 996-0635 
FAX: 602 996 0586 
P.O. Box 65447 
Tucson, AZ 85728 
TEL: (602) 557-0580 
FAX: 602 557 0581 

CALIFORNIA 
Harris Semiconductor 

* Suite 320 

1503 So. Coast Drive 
Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 
Harris Semiconductor 
Suite 308 

5250 W. Century Blvd. 

LOs Angeles, CA 90045 
TEL: (310) 649-4752 
FAX: 310 649 4804 
Harris Semiconductor 

* 3031 Tisch Way 
1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 
Harris Semiconductor 

* Suite 350 

6400 Canoga Ave. 

Woodland Hills. CA 91367 
TEL: (818) 992-0686 
FAX: 818 883 0136 
CK Associates 
8333 Clairemont Mesa Blvd. 
Suite 102 

San Diego, CA 92111 
TEL: (619) 279-0420 
FAX: 619 279 7650 

Ewing Foley, Inc. 

185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6598 


CANADA 

Blakewood Electronic 
Systems, Inc. 

#201 - 7382 Winston Street 

Burnaby, BC 

V5A2G9 

TEL: (604) 444-3344 
FAX: 604 444 3303 
Clark Hurman Associates 
Unit 14 

20 Regan Road 
Brampton, Ontario 
Canada L7AIC3 
TEL: (416) 840-6066 
FAX: 416 840-6091 
66 Colonnade Rd. 

Suite 205 
Nepean, Ontario 
Canada K2E 7K7 
TEL: (613)727-5626 
FAX: 613 727 1707 
4 Chester 

Pointe Claire, Quebec 
Canada H9R 4H7 
TEL: (514) 426-0453 
FAX: 514 426 0455 

COLORADO 
Compass Marketing 

Suite 350D 
5600 So. Quebec St. 
Greenwood Village, CO 80111 
TEL: (303) 721-9663 
FAX: 303 721 0195 

CONNECTICUT 
Advanced Tech Sales, Inc. 
Westview Office Park 
Bldg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (508) 664-0888 
FAX: 203 284 8232 

FLORIDA 

Harris Semiconductor 

* 1301 Woody Burke Rd. 
Melbourne, FL 32901 
TEL: (407) 724-3576 
FAX 407 724 3130 
Harris Semiconductor 
300 6th Avenue, North 
Indian Rocks Beach, FL 34635 
TEL: (813) 595-4030 

FAX: 813 595 5780 

GEORGIA 

Giesting & Associates 

* Suite 108 
2434 Hwy. 120 
Duluth, GA 30136 
TEL: (404) 476-0025 
FAX: 404 476 2405 


ILLINOIS 

Harris Semiconductor 

* Suite 600 

1101 Perimeter Dr. 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 619 1511 

Oasis Sales 
1101 Tonne Road 
Elk Grove Village. IL 60007 
TEL: (708) 640-1850 
FAX: 708 640 9432 

INDIANA 

Harris Semiconductor 

* Suite 100 

11590 N. Meridian St. 
Carmel, IN 46032 
TEL: (317)843-5180 
FAX: 317 843 5191 

Giesting & Associates 
370 RIdgepoInt Dr, 

Carmel, IN 46032 
TEL: (317) 844-5222 
FAX: 317 844 5861 


IOWA 

Oasis Sales 
Suite 203 

4905 Lakeside Dr., NE 
Cedar Rapids, lA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


KANSAS 

Advanced Technical Sales, 
Inc. 

Suite 8 

601 North Mur-Len 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 

KENTUCKY 
Giesting & Associates 
212 Grayhawk Court 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


MARYLAND 
New Era Sales, Inc. 

678 Ritchie Highway 
Severna Park, MD 21146 
TEL: (410) 544-4100 
FAX: 410 544-6092 






y 


V 


*Field Application Assistance Available 




MASSACHUSETTS 
Harris Semiconductor 
* Suite 240 
3 Burlington Woods 
Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 221 1866 
Advanced Tech Sales 
Suite 102 
348 Park Street 
Park Place West 
N. Reading, MA 01864 
TEL: (508) 664-0888 
FAX: 508 664 5503 


MICHIGAN 

Harris Semiconductor 
* Suite 460 
27777 Franklin Rd. 
Southfield, Ml 48034 
TEL: (313) 746-0800 
FAX: 313 746 0516 

Giesting & Associates 
Suite 113 

34441 Eight Mile Rd. 
Livonia, Ml 48152 
TEL: (313) 478-8106 
FAX: 313 477 6908 
6898 Curtis Dr. 

Coloma, Ml 49038 
TEL: 616-468-4200 
FAX: 616 468 6511 
1279 Skyhills N.E. 
Comstock Park, Ml 49321 
TEL: (616) 784-9437 
FAX: 616 784 9438 


MINNESOTA 
Oasis Sales 
Suite 210 

7805 Telegraph Road 
Bloomington, MN 55438 
TEL: (612)941-1917 
FAX: 612 941 5701 


MISSOURI 

Advanced Technical Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
TEL: (314) 291-5003 
FAX: 314 291 7958 


NEW JERSEY 
Harris Semiconductor 
* Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 
Harris Semiconductor 
724 Route 202 
P.O. Box 591 M/S 13 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 





North American Sales Offices and Representatives (continued) 


April 1993 


Tritek Sales, Inc. 

Suite 410 
One Cherry Hill 
Cherry Hill. NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 

NEW MEXICO 

Compass Mktg. & Sales, Inc. 
Suite 109 

4100 Osuna Rd.. NE 
Albuquerque. NM 87109 
TEL: (505) 344-9990 
FAX: 505 345 4848 

NEW YORK 
Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9. Suite U3 
Wappingers Falls. NY 12590 
TEL: (914) 298-0413 
FAX: 914 298 0425 
Foster & Wager, Inc. 

300 Main Street 
Vestal. NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 
42 Redspire Way 
East Amherst. NY 14051 
TEL: (716) 688-7864 
FAX: 716 688-7864 
2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 
FAX: 716 586 1359 

7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


* Trionic Associates, Inc. 
320 Northern Blvd. 
Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 

NORTH CAROLINA 
Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A, MS/2T08 
Durham, NC 27703 
TEL: (919) 549-3600 
FAX: 919 549 3660 
New Era Sales 
Suite 203 
1110 Navajo Dr. 
Raleigh, NC 27609 
TEL: (919) 878-0400 
FAX: 919 878 8514 

OHIO 

Glesting & Associates 
P.O. Box 39398 
2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 
Suite 521 

26250 Euclid Avenue 
Cleveland, OH 44132 
TEL: (216) 261-9705 
FAX: 216 261 5624 
6324 Tamworth Ct. 
Dublin, OH 43017 
TEL: (614) 792-5900 
FAX: 614 792-6601 


OKLAHOMA 
Nova Marketing 
Suite 1339 

8125D East 51st Street 
Tulsa, OK 74145 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 665 3815 

OREGON 

Northwest Marketing Assoc. ^ 
Suite 330 

6975 SW Sandburg Road 
Portland, OR 97223 
TEL: (503) 620-0441 
FAX: 503 684 2541 

PENNSYLVANIA 

Glesting & Associates ^ 

471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 

TEXAS 

Harris Semiconductor 
•Suite 205 ^ 

17000 Dallas Parkway 
Dallas, TX 75248 
TEL: (214) 733-0800 
FAX: 214 733 0819 
Nova Marketing 
Suite 174 
8350 Meadow Rd. 

Dallas. TX 75231 
TEL: (214) 265-4600 
FAX: 214 265 4668 

•Field Application Assistance Available 


Suite 180 

8310 Capitol of Texas Hwy. 
Austin, TX 78731 
TEL: (512) 343-2321 
FAX: 512 343-2487 
Suite 141 

9207 Country Creek Rd. 
Houston, TX 77036 
TEL: (713) 988-6082 
FAX: 713 774 1014 

UTAH 

Compass Marketing & Sales 

Suite 320 

5 Triad Center 

Salt Lake City, UT 84180 

TEL: (801) 322-0391 

FAX: 801 322-0392 

WASHINGTON 
Northwest Marketing Assoc. 
Suite 330N 
12835 Bel-Red Road 
Bellevue. WA 98005 
TEL: (206) 455-5846 
FAX: 206 451 1130 

WISCONSIN 
Oasis Sales 
1305 N. Barker Rd. 

Brookfield, Wl 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


North American Authorized Distributors 



I CORPORATE OFFICES 

Falcon Electronics 

Hamilton/Avnet 

Wyle Laboratories 

Arrow/Schweber 

5 Higgins Dr. 

10950 W. Washington Blvd. 

(Commercial & Military) 

25 Hub Dr. 

Milford, CT 06460 

Culver City, CA 90230 

3000 Bowers Avenue 

Melville. NY 11747 

TEL: (203) 878-5272 

TEL: (310) 558-2000 

Santa Clara, CA 95051 

TEL: (516) 391-1300 

FAX: 203 877 2010 

FAX: 310 558 2809 (Mil) 

TEL: (408) 727-2500 

FAX: 516 391 1644 

Gerber Electronics, Inc. 

FAX: 310 558 2076 (Com) 

FAX: 408 988-2747 

Almac Electronics Corp. 

128 Carnegie Row 

ITT Multicomponents 

Obsolete Products 

14360 S.E. Eastgate Way 

Norwood, MA 02062 

300 North Rivermede Rd. 

Bellevue, WA 98007 

TEL: (617) 769-6000 

Concord, Ontario 

Rochester Electronic 

TEL: (206) 643-9992 

FAX: 617 766 8931 

Canada L4K 2Z4 

10 Malcom Hoyt Drive 

FAX: 206 643 9709 

EMC (Electronics Mktg Corp) 

Hail-Mark Electronics 

11333 Pagemill Rd. 

TEL: (416) 798-4884 

FAX: 416 798 4889 

Newburyport, MA 01950 

TEL: (508) 462-9332 

FAX: 508 462 9512 

1150 West Third Avenue 

P.O. Box 222035 

Newark Electronics, Inc. 

Columbus, OH 43212 

Dallas, TX 75243 

4801 N. Ravenswood 


TEL: (614) 299-4161 

TEL: (214) 343-5000 

Chicago, IL 60640 


FAX: 614 299 4121 

FAX: 214 343 5988 

TEL: (312) 784-5100 

FAX: 312 275-9596 


Hamilton/Avnet and Arrow Electronics are the only two authorized North American distributors for the stocking 

and sale of Harris M&AD’s Space level product offering. 




CO 
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North American Authorized Distributors 


Aprii 1993 


ALABAMA 

Arrow/Schweber 

Huntsville 

TEL: (205) 837-6955 

Hall-Mark 

Huntsville 

TEL: (205) 837-8700 

Hamilton/Avnet 

Huntsville 

TEL: (205) 837-7210 

ARIZONA 

Arrow/Schweber 

Tempe 

TEL: (602) 431-0030 

Hall-Mark 

Phoenix 

TEL: (602) 437-1200 
Tucson 

TEL: (604) 437-0515 

Hamilton/Avnet 

Tempe 

TEL: (602) 902-4500 
Wyle Laboratories 
Phoenix 

TEL: (602) 437-2088 

CALIFORNIA 
Arrow/Schweber 
Calabasas 
TEL: (818) 880-9686 
Fremont 

TEL: (408) 432-7171 
Irvine 

TEL: (714)433-0669 
San Diego 

TEL: (619) 565-4800 
San Jose 

TEL: (408) 441-9700 

Hall-Mark 

Chatsworth 

TEL: (818) 773-4500 

Irvine 

TEL: (714)727-6000 
Rocklin 

TEL: (916) 624-9781 
San Diego 
TEL: (619)268-1201 
San Jose 

TEL: (408) 432-4000 
Hamilton/Avnet 
Costa Mesa 
TEL: (714) 641-4100 
Roseville 

TEL: (916) 781-6614 

San Diego 

TEL: (619) 571-7540 

Sunnyvale 

TEL: (408) 743-3300 

Woodland Hills 

TEL: (818) 594-0404 


Wyle Laboratories 

Calabasas 

TEL: (818) 880-9000 

Irvine 

TEL: (714) 863-9953 

Rancho Cordova 
TEL: (916) 638-5282 

San Diego 
TEL: (619) 565-9171 
Santa Clara 
TEL: (408) 727-2500 

CANADA 
Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 
Dorval, Quebec 
TEL: (514) 421-7411 
Nepan, Ontario 
TEL: (613) 226-6903 
Mississagua, Ontario 
TEL: (416) 670-7769 

Hamilton/Avnet 
Burnaby, B.C. 

TEL: (604) 420-4101 

Mississaugua, Ontario 
TEL: (416) 564-6060 
Nepean, Ontario 
TEL: (613) 226-1700 
St. Laurent, Quebec 
TEL: (514) 335-1000 
ITT Multicomponents 
Burnaby, British Columbia 
TEL: (604) 291-8866 

Calgary, Alberta 
TEL: (403) 273-2780 
Concord, Ontario 
TEL: (416) 798-4884 

Edmonton, Alberta 
TEL: (800) 332-8387 

V. St. Laurent, Quebec 
TEL: (514) 335-7697 
Nepean, Ontario 
TEL: (613) 596-6980 
Vancouver 
TEL: (604) 291-8866 
Winnipeg, Manitoba 
TEL: (204) 786-8401 

COLORADO 
Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 
Hall-Mark 
Englewood 
TEL: (303) 790-1662 
Hamilton/Avnet 
Englewood 
TEL: (303) 799-7800 
Colorado Springs 
TEL: (719) 637-0055 


Wyle Laboratories 
Thornton 

TEL: (303) 457-9953 

CONNECTICUT 
Arrow/Schweber 
Wallingford 
TEL: (203) 265-7741 
Falcon 
Milford 

TEL: (203) 878-5272 

Hall-Mark 

Cheshire 

TEL: (203) 271-2844 

Hamilton/Avnet 

Danbury 

TEL: (203) 743-9799 

FLORIDA 
Arrow/Schweber 
Deerfield Beach 
TEL: (305) 429-8200 
Lake Mary 
TEL: (407) 333-9300 
Hall-Mark 
Largo 

(813)541-7440 
Pompano Beach 
TEL: (305) 971-9280 
Hamilton/Avnet 
Ft. Lauderdale 
TEL: (305) 733-6300 
St. Petersburg 
TEL: (813) 530-0644 
Winter Park 
TEL: (407) 657-3344 

GEORGIA 

Arrow/Schweber 

Duluth 

TEL: (404) 497-1300 

Hall-Mark 

Duluth 

TEL: (404) 623-4400 

Hamilton/Avnet 

Duluth 

TEL: (404) 623-5475 

ILLINOIS 

Arrow/Schweber 

Itasca 

TEL: (708) 250-0500 

Hall-Mark 

Wood Dale 

TEL: (708) 860-3800 

Hamilton/Avnet 

Bensenville 

TEL: (708) 860-7700 

Newark 

Chicago 

TEL: (312) 907-5436 


INDIANA 
Arrow/Schweber 
Indianapolis 
TEL: (317) 299-2071 
Hall-Mark 
Indianapolis 
TEL: (317) 872-8875 
Hamilton/Avnet 
Carmel 

TEL: (317) 844-9333 
IOWA 

Arrow/Schweber 
Cedar Rapids 
TEL: (319) 395-7230 
Hamilton/Avnet 
Cedar Rapids 
TEL: (319) 393-0033 

KANSAS 

Arrow/Schweber 

Lenexia 

TEL: (913) 541-9542 

Hall-Mark 

Lenexa 

TEL: (913) 888-4747 
Hamilton/Avnet 

I onovQ 

TEL: (913) 888-1055 

KENTUCKY 

Hamilton/Avnet 

Lexington 

TEL: (606) 259-1475 

MARYLAND 

Arrow/Schweber 

Columbia 

TEL: (301) 596-7800 

Falcon 

Baltimore 

TEL: (410) 247-5800 

Hall-Mark 

Columbia 

TEL: (410) 988-9800 

Hamilton/Avnet 

Columbia 

TEL: (410) 995-3500 

MASSACHUSETTS 
Arrow/Schweber 
Wilmington 
TEL: (508) 658-0900 
Gerber 
Norwood 

TEL: (617) 769-6000 

Hall-Mark 

Billerica 

TEL: (508) 667-0902 

Hamilton/Avnet 

Peabody 

TEL: (508) 532-3701 





North American Authorized Distributors (Continued) 
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MICHIGAN 

Arrow/Schweber 

Livonia 

TEL: (313) 462-2290 

Hall-Mark 

Livonia 

TEL: (313) 416-5800 

Hamllton/Avnet 

Novi 

TEL: (313) 347-4270 
Grandviiie 

TEL: (616) 531-0345 

MINNESOTA 
Arrow/Schweber 
Eden Prarie 
TEL: (612) 941-5280 
Hall-Mark 
Bloomington 
TEL: (612) 881-2600 
Hamllton/Avnet 
Minnetonka 
TEL: (612) 932-0678 

MISSOURI 
Arrow/Schweber 
St. Louis 

TEL: (314) 567-6888 

Hall-Mark 

Earth City 

TEL: (314) 291-5350 
Hamllton/Avnet 
Chesterfield 
TEL: (314) 537-4265 

NEW HAMPSHIRE 
Hamllton/Avnet 
Manchester 
TEL: (603) 624-9400 

NEW JERSEY 
Arrow/Schweber 
Marlton 

TEL: (609) 596-8000 
Pinebrook 

TEL: (201) 227-7880 

Hall-Mark 

Parsippany 

TEL: (201) 515-3000 

Moorestown 

TEL: (609) 235-1900 

Hamllton/Avnet 

Cherry Hill 

TEL: (609) 424-0100 

Parsippany 

TEL: (201) 515-5300 

NEW MEXICO 
Hamllton/Avnet 
Albuquerque 
TEL: (505) 345-0001 


NEW YORK 
Falcon 
Hauppauge 
TEL: (516) 724-0980 
Arrow/Schweber 
Hauppauge 
TEL: (516) 231-1000 
Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516)391-1277 
Rochester 

TEL: (716) 427-0300 

Hall-Mark 

Fairport 

TEL: (716) 425-3300 

Ronkonkoma 

TEL: (516) 737-0600 

Hamllton/Avnet 

Syracuse 

TEL: (315) 453-4000 
Hauppauge 
TEL: (516) 231-9800 
Rochester 

TEL: (716) 475-9130 

NORTH CAROLINA 
Arrow/Schweber 

Raleigh 

TEL: (919) 876-3132 

EMC 

Charlotte 

(704) 394-6195 

Hall-Mark 

Raleigh 

TEL: (919) 872-0712 

Hamllton/Avnet 

Raleigh 

TEL: (919) 878-0819 

OHIO 

Arrow/Schweber 

Solon 

TEL: (216) 248-3990 

Centerville 

TEL: (513) 435-5563 

EMC 

Columbus 

TEL: (614) 299-4161 

Hall-Mark 

Worthington 

TEL: (614) 888-3313 

Solon 

TEL: (216) 498-1100 

Hamllton/Avnet 

Dayton 

TEL: (513) 439-6721 
Columbus 
TEL: (614) 882-7389 
Solon 

TEL: (216) 573-7400 


OKLAHOMA 

Arrow/Schweber 

Tulsa 

TEL: (918) 252-7537 

Hall-Mark 

Tulsa 

TEL: (918) 254-6110 

Hamllton/Avnet 

Tulsa 

TEL: (918) 252-7297 

OREGON 

Almac/Arrow 

Beaverton 

TEL: (503) 629-8090 

Hamllton/Avnet 

Beaverton 

(503) 526-6200 

Wyle Laboratories 

Beaverton 

TEL: (503) 643-7900 

PENNSYLVANIA 

Arrow/Schweber 

Pittsburgh 

TEL: (412) 963-6807 

Hamllton/Avnet 

Pittsburgh 

TEL: (412) 281-4150 
TEXAS 

Arrow/Schweber 

Austin 

TEL: (512) 835-4180 
Dallas 

TEL: (214) 308-8105 
Houston 

TEL: (713) 530-4700 

Hall-Mark 

Austin 

TEL: (512) 258-8848 
Dallas 

TEL: (214) 343-5000 - Corp. 
TEL: (214) 343-5009 
TEL: (214) 553-4300 - Branch 
Houston 

TEL: (713) 781-6100 

Hamllton/Avnet 

Austin 

TEL: (512) 832-4306 
Dallas 

TEL: (214) 308-8105 
Houston 

TEL: (713) 861-8517 
Wyle Laboratories 
Austin 

TEL: (512) 345-8853 
Houston 

TEL: (713) 879-9953 

Richardson 

TEL: (214) 235-9953 


UTAH 

Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 
Hamllton/Avnet 
Salt Lake City 
TEL: (801) 266-2022 
Hall-Mark 
Salt Lake City 
TEL: (801)269-0416 
Wyle Laboratories 
West Valley 
TEL: (801) 974-9953 

WASHINGTON 

Almac/Arrow 

Bellevue 

TEL: (206) 643-9992 
Spokane 

TEL: (509) 924-9500 

Hall-Mark 

Seattle 

TEL: (206) 290-8344 
TEL: 1-800-548-3976 
FAX: 206 290 8941 
Hamllton/Avnet 
Redmond 

TEL: (206) 881-6697 
Wyle Laboratories 
Redmond 

TEL: (206)881-1150 

WISCONSIN 

Arrow/Schweber 

Brookfield 

TEL: (414) 792-0150 

Hall-Mark 

New Berlin 

TEL: (414) 797-7844 

Hamllton/Avnet 

Waukesha 

TEL: (414) 784-5411 


South American 
Authorized Distributor 
Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 
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European Sales Offices and Representatives 


April 1993 


European Sales Headquarters 
Harris Semiconductor 
Mercure Center 
Rue de la Fusee, 100 
1130 Brussels. Belgium 
TEL: 32 2 246 21 11 
FAX: 32 2 246 22 05 
FAX: 32 2 246 22 06 


AUSTRIA 

Transistor 

Hitronik Vertriebsges mbH 
Auhofstrasse 41A 
A -1130 Vienna 
TEL: 43222 877 94 01 
FAX: 43 222 877 64 40 
TWX: 133738 


DENMARK 
Delco AS 
Mejeribaken 8 
DK - 3540 Lynge 
TEL: 45 4218 95 33 
FAX: 45 42 18 95 30 


FINLAND 
Teknokit OY 
Reinkkaian Kartano 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 


FRANCE 

* Harris Semiconducteurs SARL 
2-4, Avenue de I'Europe 
F-78140 Velizy 
TEL: 33 1 34 65 40 80 (DIst) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 
TLX: 697060 
Unirep 

Z. I. DeLaBonde IBIS 
Rue Marcel Paul 
F - 91300 MASSY 
TEL: 33 1 69 20 03 64 
FAX: 33 1 69 20 00 61 


GERMANY 

* Harris Semiconductor 
GmbH 

Putzbrunnerstrasse 69 
8000 Muenchen 83 
TEL: 4989 63813 0 
FAX: 49 89 6376201 
TLX: 529051 

Harris Semiconductor 
GmbH 

Kieler strasse 55 • 59 
2085 Quickborn 
TEL: 49 4106 5002 04 
FAX: 49 4106 68850 
TLX: 211582 

Harris Semiconductor 
GmbH 

Wegener Strasse, 5/1 
7032 Sindelfingen 
TEL: 49 7031 8694-0 
ffiX: 49 7031 873 849 
TLX: 7265431 


Ecker Micheistadt GmbH 
Koningsberger Strasse, 2 
D - 6120 Micheistadt 
TEL: 49 6061 2233 
FAX: 49 6061 5039 
TWX: 4191630 
Erwin W. Hiidebrandt 
Nieresch 32 
D - 4405 Nottuln-Darup 
TEL: 49 2502 6065 
FAX: 49 25021889 
TWX: 892565 
Fink Handelvertretung 
Margreider Platz 
Laurinweg 1 
D - 8012 Ottobrunn Bel 
Munchen 

TEL: 49 89 6097 004 
FAX: 49 89 6098 170 
TWX: 529298 


ISRAEL 

Aviv Electronics Ltd 
Hayetzira 4, Ind, Zone 
Ra’anana 43651 
TEL: 972 52 983232 
FAX: 972 52 916510 


ITALY 

* Harris SRL 
Viale Fulvio Test!, 126 
20092 Ciniseilo Balsamo 
TEL: 39 2 262 07 61 
(DIstl&OEM ROSE) 
TEL: 39 2 240 95 01 
(Distl&OEM Italy) 

FAX: 39 2 248 66 20 
39 2 262 22158 (ROSE) 
TWX: 324019 


PORTUGAL 

Cristaionica Componentes 
De Radio E Televisao Lda 
Rua Bernardim Ribeiro. 25 
P -1100 Lisbon 
TEL: 351 13 53 46 31 
FAX: 351 13 5617 55 
TWX: 64119 


SPAIN 
Elcos S. A. 

Loeches 1-3 
SP-28008 Madrid 
TEL: 34 1 5417510 
FAX: 34 1 541 75 11 


turkey 

EMPA AS 

Elektronik Mamulleri 
Pazarlama AS 
Besyol Londra Asfalti 
34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 598 5353 
TWX: 21137 


UNITED KINGDOM 
* Harris Semiconductor Ltd 
Riverside Way 
Camberley 
Surrey GU15 3YQ 
TEL: 44 276 686 886 
FAX: 44 276 682 323 


Laser Electronics 
Bailynamoney 
Greenore 
Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 
TWX: 43679 
S.M.D. 

182, Hall Lane 
Aspull, Wigan 
Lancs WN2 2SS 
TEL: 44 942 54867 
FAX: 44 942 525317 


AUSTRIA 

MOOR Elektronik GmbH 
Lamezanstrasse 10 
A -1232 WIEN 
TEL: 43 222 610 62-0 
FAX: 43 222 610 625 
Transistor 

Hitronik Vertriebsges mbH 
Auhofstrasse 41A 
A -1130 Vienna 
TEL: 43222 877 9401 
FAX: 43 222 877 6440 
TWX: 133738 


BELGIUM 
Diode Belgium 
Keiberg II 

Minen/astraat, 14/B2 
B-1930Zaventem 
TEL: 32 2 725 45 11 
FAX: 32 2 725 46 60 
* Inelco Components & 
Networks Company SA/NV 
Avenue des Croix de Guerre 94 
B -1120 Brussels 
TEL: 32 2 244 28 11 
FAX: 32 2 216 46 06 
TWX: 64475 


DENMARK 
Ditz Schweitzer A/S 
Vailensbaekvej 41 
Postboks 5 
DK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 
TWX: 33257 


FINLAND 

Yieiselektroniikka OY 
Telercas 
P.O. Box 63 
Luomannotko, 6 
SF-02201 Espoo 
TEL: 358 0 4526 21 
FAX: 358 0 4526 2231 


Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castiehiii, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 555 51566 
FAX: 44 555 51562 
TWX: 777404 


YUGOSLAVIA 
Avtotehna 
P.O. Box 593 
Celovska 175 
YU - 61000 Ljubljana 
TEL: 38 61 552 341 
FAX: 38 61 552 563 
TWX: 31639 


FRANCE 

* Aimex 

48 rue de I'AubepIne 
Zone Industrieile 
D'Antony-BP 102 
F-92160 Antony 
TEL: 33 1 40 96 54 00 
FAX: 33 1 46 66 60 28 
TWX: 250067 

* AvnetEMG 

81 Rue Pierre Semard 
F - 92320 Chatillon Sous 
Bagneux 

TEL: 33 1 49 65 27 00 
FAX: 33 1 49 65 27 38 
TWX: 632247 

* CCi Eiectronique 

5 Rue Marcelin Berthelot 
Zone Industrieile D'Antony 
BP 92 

F - 92164 Antony Cedex 
TEL: 33 1 46 74 47 00 
FAX: 33 1 40 96 92 26 
TWX: 203881 

* Tekeiec Airtronic 
Cite Des Bruyeres 
Rue Carle Vernet 
F - 92310 Sevres 
TEL: 33 1 46 23 24 25 
FAX: 331 45 0721 91 
TWX: 634018 

Harris Semiconductor 
Chip Distributors 
Hybritech CM (HCM) 

7, Avenue Juliot Curie 
F -17027 LA Rochelle Cedex 
TEL: 33 46 45 12 70 
FAX: 33 46 45 04 44 
TWX: 793034 
Edgetek 

Zai De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 331 64 46 06 50 
FAX: 33 1 69 28 43 96 
TWX: 600333 


‘Field Application Assistance Available 
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European Authorized Distributors (continued) 


Aprii 1993 


ELMO 

Z. A. De La Tuilerie 
B. P. 1077 

78204 Mantes-La-Jolle 
TEL: 33 1 34 77 16 16 
FAX: 33 1 34 77 95 79 
TWX: 699737 

EASTERN COUNTRIES 
HEV GmbH 
Halbleiter-Electronic 
Vertriebs GmbH 
Alexander Platz 
0-1026, Berlin 
TEL: 49 30248 3400 
FAX: 49 30 248 3424 

GERMANY 

Alfred Neye Enatechnik GmbH 
Schlllerstrasse 14 
D - 2085 Quickborn 
TEL: 49 4106 61 20 
FAX: 49 4106 61 22 68 
TWX: 213590 
HED Heinrich Electronic 
Distribution GmbH 
Steller Strasse 529 
D - 4300 Essen 14 
TEL: 49 201 56 36 225 
FAX: 49 201 56 36 268 
Indeg Industrie Eiektronik 
GmbH 

Postfach 1563 
Emil Kommerling Str. 5 
D - 6780 PIrmasens 
TEL: 49 6331 94 065 
FAX: 49 6331 94 064 
TWX: 452269 
Jermyn GmbH 
IM Dachsstueck 9 
D - 6250 Limburg 4 
TEL: 49 6431 508 0 
FAX: 49 6431 508 289 
TLX: 415257 0 
Sasco GmbH 

Hermann-Oberth Strasse 16 
D - 8011 Putzbrunn- 
Bei-Muenchen 
TEL: 49 89 46 110 
FAX: 49 89 46 11 270 
TWX: 529504 
Spoerie Electronic KG 
Max-Planck Strasse 1-3 
D - 6072 Dreieich 
1- Bei-Frankfurt 
TEL: 49 6103 30 48 
FAX: 49 6103 30 42 01 
TWX: 417972 

GREECE 
Semicon Co. 

104 Aeolou Street 
GR-10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1321 60 63 
TWX: 216684 


ISRAEL 

Aviv Electronics Ltd 
Hayetzira 4. Ind. Zone 
Ra’anana 43651 
TEL: 972 52 983232 
FAX: 972 52 916510 

ITALY 

Eurelettronica SpA 
Via Enrico Fermi, 8 
I - 20090 Assago (Ml) 

TEL: 39 2 457 841 
FAX: 39 2 488 02 75 
EBV Eiektronik SRL 
Via Frova, 34 

F-20092 Cinisello Balsamo (Ml) 
TEL: 39 2 660.17111 
FAX: 39 2 660.17020 
Lasi Elettronica SpA 
Viale Fulvio Testi 280 
1-20126 Milano 
TEL: 39 2 66 10 13 70 
FAX: 39 2 661013 85 
TWX: 352040 
Siiverstar Ltd. 

Viale Fulvio Testi 280 
1-20126 Milano 
TEL: 39 2 66 12 51 
FAX: 39 2 661013 59 
TWX: 332189 

NETHERLANDS 
* Auriema Nederland BV 
Beatrix de Rijkweg 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 502602 
FAX: 31 40 510255 
TWX: 51992 
Diode Components BV 
Coltbaan 17 

NL - 3439 NG NIeuwegein 
TEL: 31 3402 912 34 
FAX: 31 3402 359 24 

NORWAY 

Hans H. Schive A/S 
Undelstadlia 27 
Postboks 185 
N -1371 Asker 
TEL: 47 66 900 900 
FAX: 47 66 904 484 
TWX: 19124 

PORTUGAL 

Cristalonica 

Componentes De Radio E 
Teievisao, Lda 
Rua Bernardim Ribeiro, 25 
P -1100 Lisbon 
TEL: 351 13 53 46 31 
FAX: 351 13 56 17 55 
TWX: 64119 


SPAIN 

Amitron S.A. 

Avenida Valladolid 47D BAJO 
SP - 28008 Madrid 
TEL: 34 1 542 09 06 
TEL: 34 1 547 93 13 
FAX: 34 1 541 76 55 
TWX: 45550 

EBV Eiektronik Vertriebs 
GmbH 

Sucursal Espagna 
Calle Maria Tubau 8 
SP-28049 Madrid 
TEL: 34 1 358 8608 
FAX: 34 1 358 8560 

SWEDEN 

Bexab Technology AB 
Kemistvagen, 10A 
PO. Box 523 
S-183 25Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 
Martinsson Eiektronik AB 
Instrumentvaegen 15 
Box 9060 

S -126 09 Hagersten 
TEL: 46 8 744 03 00 
FAX: 46 8 774 34 03 
TWX: 13077 

SWITZERLAND 
BASiX fur Eiektronik AG 
Hardturmstrasse 181 
Postfach 
CH - 8010 Zurich 
TEL: 41 1 27611 11 
FAX: 41 1 276 12 34 
TWX: 822966 
MOOR Electronic AG 
Bahnstrasse 58/60 
CH-8105 Regensdorf 
TEL: 41 1 843 31 11 
FAX: 41 1 843 39 10 

TURKEY 

EMPA 

Eiektronik Mamulleri 
Pazarlama AS 
Besyol Londra Asfaltl 
34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 598 5353 
TWX: 21137 

UNITED KINGDOM 
Avnet EMG 

Jubilee House, Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
TEL: 44 462 480888 
FAX: 44 462 488567 
TWX: 826505 


ESD Distribution Ltd 
Edinburgh Way, Harlow 
Essex CM20 2DF 
TEL: 44 279 626777 
FAX: 44 279 441687 
TWX: 818801 
Farneli Electronic 
Components Ltd. 

Marketing & Purchasing DIv. 
Armley Road, Leeds 
West Yorkshire LS12 2QQ 
TEL: 44 532 790101 
FAX: 44 532 633404 
TWX: 55147 
Jermyn Distribution 
Vestry Industrial Estate 
Sevenoaks 
KentTN14 5EU 
TEL: 44 732 743743 
FAX: 44 732 451251 
TWX: 95142 
Macro Marketing Ltd 
Burnham Lane 
Slough, Berkshire SL1 6LN 
TEL: 44 628 604422 
FAX: 44 628 666873 
TWX: 847945 

Micromark Electronics Ltd. 
Boyn Valley Road 
Maidenhead 
Berkshire SL6 4DT 
TEL: 44 628 76176 
FAX: 44 628 783799 
TWX: 847397 

Thame Components 
Thame Park Rd. 

Thame, Oxfordshire 0X9 3UQ 
TEL: 44 844 261188 
FAX: 44 844 261681 
TWX: 837917 

Harris Semiconductor 

Chip Distributors 
Die Technology Ltd. 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TLX:668570 

Eltek Semiconductor Ltd. 
Nelson Rd. Industrial Estate 
Dartmouth 
Devon TQ6 9NA 
TEL: 44 803 83 4455 
FAX: 44 803 83 3011 
Rood Technology 
Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 
FAX: 44 420 87259 
TLX: 858456 


Field Application Assistance Available 
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Asian Pacific Offices and Representatives 
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NORWASIA 
Sales Headquarters 
JAPAN 
Harris K.K. 

Shinjuku NS Bldg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163-08 
Japan 

TEL: 81-3-3345-8911 
FAX: 81-3-3345-8910 


SOUTH ASIA 
Sales Headquarters 
HONG KONG 

Harris Semiconductor H.K. 
Ltd. 

13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsul, Kowloon 
TEL: 852-723-6339 
FAX: 852-739-8946 
TLX: 78043645 

AUSTRALIA 
VSI Promark Electronics 
PtyLtd 

16 Dickson Avenue 
Artarmon NSW 2064 
TEL: (61)2-439-4655 
FAX: (61) 2-439-6435 


KOREA 

Harris Semiconductor YH 
RM #419-1 4TH FL 
Korea Air Terminal Bldg. 
159-1, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 
Inhwa Company, Ltd. 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 

Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


SINGAPORE 
Harris Semiconductor 
Pte Ltd. 

105 Boon Keng Road 
#01-01 Singapore 1233 
Att: Sales Office 
TEL: (65) 291-0203 
FAX: 65-293-4301 
TLX: RS36460 RCASIN 

TAIWAN 

Harris Semiconductor 
Room 1103 

600 Ming Chuan East Road 
Taipei 

TEL: (886) 2-716-9310 
FAX: 886-2-715-3029 
TLX: 78525174 


Asian Pacific Authorized Distributors 


AUSTRALIA 

VSI Promark Electronics 
PtyLtd 

16 Dickson Avenue 
Artarmon, NSW 2064 
TEL: (61)2-439-4655 
FAX: (61) 2-439-6435 

HONG KONG 
Inchcape Industrial 
10/F, Tower 2, Metroplaza 
223 Ring Fong Road 
Kwai Fong 
New Territories 
TEL: (852)410-6555 
FAX: (852) 401-2497 
Fattafa Limited 
No. 7,1/F., 

Hope Sea Industrial Centre 
26 Lam Hing Street 
Kowloon Bay, Kowloon 
TEL: (852) 796-6686 
FAX: (852) 796-0125 
Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Horn, Kowloon 
TEL: (852) 334-8188 
FAX: (852) 334-8649 
Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 

TEL: (852) 790-8073 
FAX: (852) 763-5477 

Array Electroniocs Limited 
Unit1,24/F 
Wyler Centre Phase 2 
200 Tai Lin Pai Road 
Kwai Chung 
New Territories 
TEL: (852) 481-6832 
FAX: (852) 481-6992 
(852) 481-6993 


Eiectrocon Products, Ltd. 
8F, Block B 
Prosperity Centre 
77 Container Port Road 
Kwai Chung, N.T. 

TEL: (852) 481-6022 
FAX: (852) 481-5804 

JAPAN 

Hakuto Co., Ltd. 

Toranomon Sangyo Bldg. 
1-2-29, Toranomon 
Minato-ku, Tokyo 105 
TEL: 03-3225-8910 
FAX: 03-3597-8975 
Macnica Inc. 

Hakusan High Tech Park 

1- 22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 045-939-6116 
FAX: 045-939-6117 

Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 

2- 7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX: 03-3348-0623 
Micron, Inc. 

Misuzu Bldg. 

4-27-12, Sendagaya, 
Shibuya-Ku, Tokyo 151 
TEL: 03-3796-1860 
FAX: 03-3796-1866 
Okura Electronics Co., Ltd. 
2-3-6, Ginza Chuo-ku, 

Tokyo 104 
TEL: 03-3564-6871 
FAX: 03-3564-6870 


Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 
Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6696 
FAX: 03-3357-5034 

KOREA 

KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 
Inhwa Company, Ltd. 

Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 

Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 

NEW ZEALAND 
Components and Instru¬ 
mentation NZ, Ltd. 

Semple Street 
Porirua, Wellington 
P.O. Box 50-548 
TEL: (64) 4-237-5632 
FAX: (64) 4-237-8392 

PHILIPPINES 
Crystalsem, Inc. 

216 Ortega Street 
San Juan, Metro 
Manila 3134 
TEL: (632) 79-05-29 
TLX: 722-22031 (IMCPH) 


SINGAPORE 

B.B.S Electronics PTE, Ltd. 

1 Genting Link 

#05-03 Perfect Indust. Bldg. 

Singapore 1334 

TEL: (65) 7488400 

FAX: (65) 7488466 

Device Electronics PTE, Ltd. 

605B MacPherson Road 

04-12 Citimac Ind. Complex 

Singapore 1336 

TEL: (65) 2886455 

FAX: (65) 2879197 

TAIWAN 

Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: 886-2-708-7901 
Acer Sertek Inc. 

3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 
TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng 
W. Road, Taipei 
Taiwan, ROC 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 

THAILAND 
Platworth Co. Ltd. 

226/227 Phahonyothin Rd. 
Phyathai, Bangkok 10400 
TEL: (662) 271-8742 
FAX: (662) 271-2494 
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We’re Backing You Up with 
Products, Support, and Solutions! 


Signal Processing 

• Linear 

• Custom Linear 

• Data Conversion 

• Interface 

• Analog Switches 

• Multiplexers 

• Filters 

• DSP 

• Telecom 

Power Products 

• Power MOSFETs 

• IGBTs 

• Bipolar Discretes 

• Transient Voltage 
Suppressors 

• Power Rectifiers 

• MOVs 

Intelligent Power 

• Power ICs 

• Power ASICs 

• Hybrid Programmable 
Switches 

• Full-Custom High 
Voltage ICs 


Military/Aerospace Products 

• Microprocessors and 
Peripherals 

• Memories 

• Analog ICs 

• Digital ICs 

• Discrete Power 

- Bipolar 

- MOSFET 

- IGBTs 
-MCTs 

- Rectifiers 

- Modules 
-MOVs 

ASICs 

• Full-Custom 

• Analog Semicustom 

• Mixed-Signal 

• ASIC Design Software 

Digital 

• CMOS Microprocessors 
and Peripherals 

• CMOS Microcontrollers 

• CMOS Logic 


Microwave 

• GaAs FETs 

• GaAs MMICs 

• Foundry Services 

Rad-Hard ICs 

• Microprocessors and , 
Peripherals 

• Memories 

• Analog ICs 

• Digital ICs ’ 

• Discrete Power 

- Bipolar 

- MOSFET 

• ASICs 

• ESA see 9000 & 

Class S Screening 

Military/Aerospace Programs 

• Strategic and Space 
Programs 

• Military ASIC Programs 


DB500B 
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